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angstrom 10-” meter 
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annum, year 
billion electron volts GeV 
i 3.7 X10 dps-2.22 X10!2 dpm 
counts per minute 
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2.205 X10-* pounds 
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mile(s) 
milliliter(s) 
nanocuries per square meter__| 2.59 mCi/mi? 
roentgen 
unit of absorbed radiation 
dose 100 ergs/g 
revolutions per minute 
second 
year 
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Reports 


Microwave Hazard Measurements Near Various Aircraft Radars 
Richard A. Tell: and John C. Nelson? 


In order to determine the potential for exposure of individuals when in 
the vicinity of aircraft radar units when aircraft are on the ground, the 
Electromagnetic Radiation Analysis Branch monitored four radar units 
that were typical of radars used by commercial aircraft. Two of the units 
were surveyed at a radar simulation laboratory and the other units were 
surveyed while in their operating positions in aircraft. 

The survey determined that the radar beams from navigational and 
weather radar units in commercial aircraft rotate in either a sector- 
scanned or 360 degree rotation at approximately 15 r/min. The radar 
beams emanated from the aircraft above 6 feet from the ground. It was 


determined that power density exposures of 10 mW/cm’ can occur from 
8 to 18 feet from the antenna of an aircraft radar unit. 
No radiation levels in excess of 0.2 mW/cm”® existed in the aircraft 


cockpits. 


This study constitutes part of a continuing 
effort by the Electromagnetic Radiation Analy- 
sis Branch to identify and investigate potential 
problem areas associated with nonionizing radi- 
ation sources in the environment. This effort 
was aimed at one specific class of microwave 
emitting equipment—aircraft radar. EPA has 
an interest in the possible hazards and health 
implications of all types of nonionizing electro- 
magnetic sources. In this study, the principal 
concern developed from a desire to know the 
potential for exposure of individuals when in 
the close vicinity of aircraft radar units such 
as when boarding commercial air carriers. The 
emphasis in this study was not placed on 
environmental exposure at ground level result- 
ing while aircraft are airborne but rather con- 
sists of an examination of possible thermalizing 
radiation levels near the radars while the air- 
craft are on the ground. 

Data and other pertinent information relat- 
ing to actual measurements were obtained dur- 
ing a 4-day period (4-7 September 1973) at 
the Federal Aviation Administration (FAA) 
Aeronautical Center, Oklahoma City, Okla. 
During this time, access was provided to a 
number of the FAA aircraft which are used in 


U.S. Environmental Protection Agency, Electromag- 
netic Radiation Analysis Branch, ce of Radiation 
Programs, 9100 Brookville Road, Silver Spring, Md. 
20910. 

?Current address: Department of Physics, Midwest- 
ern University, Wichita Falls, Tex. 76308. 
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training exercises and routine electronic sur- 
veillance of air routes in the United States. The 
radar units in these planes represent a good 
cross section of the various aircraft radar units 
used in daily air passenger service in this 
country and represent normal complements of 
navigational equipment including weather and 
navigational radars. Additionally, access was 
provided to a radar simulation laboratory at 
which tests could be made on various radars 
in a test-range environment (rooftop mounted 
radome with adequate area to make field 
measurements). 

Information relating to typical aircraft radar 
installations and radar specifications was ob- 
tained from the Electromagnetic Compatibility 
Analysis Center, a Department of Defense in- 
stallation in Annapolis, Md. which maintains 
extensive computer files on radiofrequency and 
microwave equipment. 


Objectives 


The principal purposes of this study were: 

1. to determine the types of radars which are 
used on board various commercial and private 
aircraft, 

2. to ascertain the pertinent radar specifica- 
tions which would provide an insight to the 
potential for hazardous exposure from these 
units, and 

3. to make measurements of radiation levels 
in the vicinity of several representative radars 
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and compare these levels with currently ac- 
cepted guidelines for safe microwave exposure. 

Though the process of theoretically predict- 
ing power densities from microwave antennas 
is an interesting problem, this report does not 
contain any detailed comparisons of measured 
data with various analytical approaches because 
of the complexity of these comparisons. For 
more information on calculational approaches, 
particularly of use in the near field, the reader 
is directed to the appropriate references cited 
in the text of this report. 


Typical aircraft radars 


In general, large airplanes used in commer- 
cial service (e.g., DC-10, DC-9, B-727, B-707) 
include at least one radar and sometimes more 
as a part of their minimal electronic equipment. 
The primary radar unit normally is used for 
weather determination, navigation, and general 
search operations. These radar units are moder- 
ately powered, usually in the range of 20 to 100 


kW peak power, and, as a rule, have a radar 
antenna which consists of a parabolic dish 
mounted in the very front of the aircraft. Many 
other radiofrequency and microwave sources 
are found in these aircraft, e.g., altimeters, 
which commonly use frequency modulated emis- 
sion, pulsed sources for interrogating ground- 
based navigational aids such as tacan’ units, 
and communications equipment. The airborne 
radars, however, represent the most powerful 
of all such equipment found aboard these vehi- 
cles and thus present the greatest potential for 
harmful exposure to nonaircraft personnel if 
care is not exercised during the operation of 
the equipment. A summary of radar trans- 
mitter characteristics for units found in typical 
airplanes in use at this time is given in table 1. 
This table is not intended to be exhaustive but 


*Tacan is a condensation of tactical air navigation, a 
complete ultrahigh frequency polar coordinate naviga- 
tion system using pulse techniques. 


POWER GAIN AND ANTENNA SIZE 
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Table 1. 


Typical airborne radar specifications 





Frequency 
(M Ei) 











9345-9405 
9307-9405 


ene worm wac 
ocoouooracoeou 


5370-5430 














* The antenna gains listed here are those for a parabolic antenna dish in a typical radar configuration. Manu- 
facturers normally offer more than one size dish for their transmitter, and thus the gain may vary slightly from one 


installation to another. 


> The average power from any ticular radar system may have several different values depending on the exact 
Free T he 


pulse width and pulse repetition frequency (PRF) selected. 


more than one is possible. 


rather indicative of the specifications of typical 
airborne radars used aboard large aircraft. 

As noted in the table, the antenna gain may 
vary, depending on the actual antenna size 
employed. The gain of a parabolic dish is a 
function of its diameter. Figure 1 illustrates 
the relationship between dish diameter, gain, 
and beamwidth for several different fre- 
quencies. Gain of a well-designed horn-fed 
parabolic reflector may be estimated from the 
relationship (1): 


G = 27 000/ (6n-6z) 
where: 

G = absolute gain above an isotropic 
radiator, 

6, — 3 dB beamwidth (in degrees) in the 
H plane of the antenna, 

6, — 3 dB beamwidth (in degrees) in the 
E plane of the antenna. 


Radar antenna patterns may be shaped dif- 
ferently. The two most commonly used shapes 
are a narrow “pencil” beam in which the beam 
is made as narrow as the dish allows, and a 
cosecant-squared shape applied to the vertical 
pattern. A cosecant-squared shape refers to the 
proportionality in the vertical plane of antenna 
gain to the cosecant squared of the elevation 
angle. Such a vertical pattern in practical an- 
tennas varies as cosecant squared from about 
the upper 3 dB point to approximately 40 
degrees in elevation. Using a vertical cosecant 
squared radiation pattern allows constant 
power density illumination of a target as long 
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his column lists the highest of the average powers if 


as the target maintains a constant altitude. 
For purposes of estimating the radiation 
exposure level from a radar, it is necessary, 
as a minimum, to know the effective radiated 
power (ERP) from the antenna. This ERP is 
a measure of the antenna’s focusing power and 
is equal to the product of antenna input power 
and antenna gain. At distances on the order of 
2D*/a or greater (D is the largest dimension 
of the antenna, the diagonal for rectangular 
units, and A is the free space wavelength of the 
transmitted wave). The power density (for 
hazard purposes) may be computed from: 


PG 
w= 
4x R? 


where, 

W = power density at a distance R from the 
antenna, 

P = power available to antenna (taking into 
account transmission lone losses), and 

G = absolute mainbeam gain of the antenna. 


This equation is valid only for points on the 
axis of the mainbeam of the antenna and at 
distances which are in the far field. For com- 
putations of power density at points within the 
near field, more complicated techniques are 
required—in this case, the antenna gain must 
be corrected for application at near field dis- 
stances. Though exact formulas are difficult to 
arrive at, the Army has developed some simple 
equations for use in the near field of circular 
parabolic antennas on the basis of empirical 
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data (2). Other discussions of near field correc- 
tions may be found in the literature (3,4). 

The power densities computed from any of 
the equations will be peak or average values 
depending on the power term entered in the 
equation. Currently, for hazard purposes, the 
average power to the antenna is taken as the 
power which is proportional to the tissue heat- 
ing effectiveness of the radiation exposure. 
Peak power densities, especially from pulsed 
sources such as radars, may be important in 
various device interferences (5). For practical 
purposes in radar computations, in lieu of actual 
power measurements, the average power of a 
transmitter (P,,,) is taken as 


Pus = Pets Te ¢ 
where: 

Pieax = the peak pulse power (in watts) of 
the radar transmitter (this is almost 
always the stated power of radar), 

PRF = the pulse repetition frequency (hertz), 

7 = the pulse width (seconds). 


Figure 2 plots the relation between peak and 
average power for various PRF’s and pulse 
widths. 


Radars and facilities available for test 


This section describes the radar units which 
were surveyed and circumstances under which 
the measurements were made. It was the intent 
of the authors to obtain measurement data on 
several different, but typical, radar types in 
common use. Under the constraints of the time 
available, the poor weather conditions, and 
other measurement projects being conducted 
during the trip, a total of four radars were 
surveyed which represent three different models 
and manufacturers. Prior to making measure- 
ments around the radar units mounted in the 
airplane nose cones, a series of measurements 
were obtained on similar radars at the radar 
simulation laboratory. At the simulation facil- 
ity, actual radars could be operated at will in 
a relatively controlled environment. Figure 3 
depicts the interior of the simulation lab, show- 
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Figure 2. Relationship of peak and average power 
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Interior of simulation laboratory 








Figure 4. Roof-mounted radome 
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ing the various power supplies, test equipment, 
and radar control panels. The actual trans- 
mitter unit and antenna were placed on a plat- 
form which could be elevated into a radome 
structure on the roof above the laboratory 
(figure 4). Notice the large number of com- 
munication antennas in the near vicinity. A 
closeup view of a typical airborne radar dish 
antenna is shown in figure 5. 

Table 2 lists the radars which were measured 
and their installation configurations. Detailed 
specifications for each of these radars may be 
found in tables 3, 4, and 5. The Bendix RDR-1B 
is capable of two different pulse widths and 
these are indicated in the table. Also given in 
these tables are the calculated values for 2D?/,, 
the far-field distance as computed from refer- 
ence (2) (D?/2.83,), the maximum power den- 
sity expected in the near-field region based on 
reference (3), and the distance to the point 


Table 2. Summary of radars used in measurements 





Radar 


Simulation 
laboratory 


| x 


Manufacturer Aircraft 














where the field is expected to be 10 mW/cm?, 
assuming a far-field gain for the specific an- 
tenna. The gain of an antenna is always a 
far-field gain unless otherwise stated (i.e., the 
gain of an antenna is always that gain which 
is effective at a distance where the power den- 
sity decreases as inverse square distance). 

The two aircraft radar units surveyed were 
both installed in the nose cones of their respec- 
tive planes—a Sabre Liner with the Collins 
WP-103 and a Convair 600 with the RCA 
AVQ-10. Figures 6 and 7 show these aircraft 
parked in the flight operations area of the FAA 











Figure 5. Typical airborne radar dish 
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Table 3. Specifications for RCA AVQ-10 aircraft radar 





Antenna gain 
Maximum average effective radiated power_ 
Antenna scan angle 


inning of far field (D?/2.83)) 
Maximum A. power density in near field 


Maximum average power density in near field 
Distance to 10 mW/cm? assuming far field gain 


360° 
- # up—15° down 
5 r/min 
Hortsontel Vertical 


4.5° 4.5° 
4.5° (*) 


Horizontal 

(*) 

11 m (36 feet) 
2.0 m (6.6 feet) 
120 W/cm? 


100 mW/cm? 
10 m (33 feet) 








* Information not available. 


Table 4. Specifications for Bendix RDR-1B aircraft radar 





Pulse width 

Pulse repetition frequency 
Duty factor 

1/duty factor 

Peak power output 
Average power output 
Antenna gain 

Maximum average effective radiated power 
Antenna scan angle 
Antenna tilt limits 
Antenna rotation speed 

3 dB beam width: 





es of far field (D*/2.83) 
Maximum peak power density in near field 


Distance to 10 mW/cm? assuming far field gain 


Maximum average power density in near field____- __ 


22 inches 

9375 +30 MHz 

3.20 cm 

1.5 2 a search; 2.25 us beacon 


0.0 dB 
24 kW; 36 kW 
360° 
15° up— 15° down 
15 +3 r/min 
Horizontal 


3.8° 
3.8° 


Horizontal 
Vertical 


20 m (66 feet) 
3.5 m Qi feet) 
65 W/cm? 


39 mW/cm? (at 24 kW ERP); 59 mW/ 
cm? (at 36 kW ERP) 

4.4 m (14 feet) (at 24 kW ERP); 5.4m 
(18 feet) (at 96 kW ERP) 








* Information not available. 


center. Careful examination of figure 7 reveals 
the nearby control towers and weather radar 
at Will Rogers Airport. 


Survey equipment 


All measurements of radiation levels covered 
by this report were made with a Narda Micro- 
wave Corporation Model 8300 broadband iso- 


April 1974 


tropic radiation monitor. This monitor con- 
sisted of a Model 8321 isotropic probe (rated 
for a maximum time average power density of 
20 mW/cm? for pulsed fields), and a Model 
8310 probe readout meter. Salient character- 
istics of this device are given in table 6. This 
particular device, Serial Number 02006, was 
certified as being calibrated 18 June 1973, or 
approximately 2.5 months prior to the field 
trip. 





Table 5. Specifications for Collins WP-103 aircraft radar 








1/Duty factor 

Peak power output 

Average power output 

Antenna gain 

Maximum average effective radiated power 
Antenna scan angle 

Antenna tilt limits 

Antenna rotation speed 

8 dB beam width: 


Distance to ae of far field (D*/2.83) 
Maximum peak power density in near field 
Maximum aaane pone density in near field 
Distance to 10 mW/cm? assuming far field Gain 





12 inches 
9375 +40 MHz 
3.20 cm 


4 z 

0.0008 — 0.001 

1000 (assuming 0.001 DF) 
20 kW 

20 W (assuming 0.001 DF) 
26 dB 

8 kW 

120° sector 

12° up— 12° down 


15 r/min 
Horizontal Vertical 


(*) (*) 
(*) (*) 


Horizontal 
(*) 





5.8 m (19 feet) 
1.0 m (3.4 feet) 
110 W/cm? 
110 mW/cm? 
2.5 m (8.3 feet) 





* Information not available. 
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Control Tower 
Weather Radar 




















Table 6. Characterictics of a Narda Microwave Corporation Model 8300 
broad band isotropic radiation monitor 





Frequency range 0.3 to 18 GHz 





Power reading ranges wie ranges) 2 mW/cm* and 


Accuracy of isotropic probe calibration +0.5 dB 
Isotropic probe time constant 20 ms 











+0.5 dB 
+0.5, —1 dB 
+0.5, —3 dB 





+0.5 ae deviation from 
energy t in any direction except 
from and through handle 


12s 








Accuracy of instrumentation +3% of full scale 


Probe overload rating 
Continuous wave (cw) 100 mW/cm* 
Peak (pulsed emissions) 20 W/cm? 
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Figure 8. Roof radome survey 


Procedures 


At the simulation lab, each of the two radars 
was individually set up so that the radar dish 
could be elevated to the roof-mounted radome 
where field measurements were obtained by 
standing on the flat portion of the roof in the 
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vicinity of the radome. In this manner, a rela- 
tively free field situation prevailed, tending to 
minimize reflection problems. All data were 
collected with the radar dishes stopped in azi- 
muthal rotation; this was necessary (a) to 
ensure that all readings were being taken in the 


Radiation Data and Reports 





main radiation lobe of the transmitting dish, 
and (b) to obtain true readings of maximum 
levels because the time response of the indi- 
cator circuitry was slow. Once the dish was 
aligned as desired, the RF power was applied, 
and field measurements were made approaching 
the radome from a distance of approximately 
100 feet. Once a rough feel for the magnitude 
of the fields was obtained, careful measure- 
ments were then made at successively shorter 
distances to the radome. All such measurements 
were obtained by holding the isotropic probe in 
one hand, the metering device in the other 
hand, and searching for the mainbeam of the 
dish at each distance. Distances were measured 
with a 100-foot steel tape laid on the roof. As 
one individual made the measurements, another 
recorded the data (field level and distance) at 
a lateral distance sufficient to not cause notice- 
able field reflections toward the survey probe. 
Data was taken in this manner until a distance 
was reached where the peak power density was 
equal to the burn-out limit for the survey in- 
strumentation (20 W/cm’). This peak field 
value was predetermined in terms of the meter 


indication of time average power density by 
taking into account the duty factor of each 











radar. In practical terms, this imposed a limit 
in the neighborhood of 15-18 mW/cm?’ average 
power density for the radars tested. 

Figure 8 shows a typical survey reading 
being taken near the radome. After conducting 
the mainbeam field measurements for each 
radar, a survey of the area immediately adja- 
cent to the radome was made, completely en- 
circling the radome except for the mainbeam 
area in front of the antenna. These measure- 
ments were made to determine the possible 
existence of side lobes and a back lobe for the 
antenna. Figure 9 shows a measurement being 
made inside the radome but to the rear of the 
transmitting dish. In all cases, inadvertent 
exposure to individuals, other than the authors, 
was prevented by keeping other personnel off 
the roof. 

A similar approach was used with those 
radars actually in an airplane. The planes were 
parked in open areas, clear of obstructions, 
adjacent to taxiways in accordance with FAA 
advice (6). Measurements were never taken 
with an airplane parked inside of a hangar. 
Under such conditions, reflections from other 
nearby aircraft could cause radar receiver 
crystal damage. Accordingly, when weather 











Figure 9. Measurement inside radome 
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Figure 10. Convair with nose cone lifted 


permitted, the selected airplane was moved to 
the outside location and the antenna fixed in 
position, pointing straight ahead of the plane. 
With the Convair 600 (figure 10) the nose cone 
was lifted on its hinge and measurements made 
as a function of distance, approaching the nose 
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from a distance. Figure 11 is another picture 
of the survey of the Convair. Because of the 
height of the Convair nose above ground, the 
dish had to be pointed downward at approxi- 
mately a 13° tilt in order that field measure- 
ments could be made from the ground. With 
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Figure 11. Survey of Convair 








Figure 12. Survey of Convair cockpit 
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such an orientation, ground reflections were 
observed from the concrete apron at certain 
distances. 


Once measurements on the dish axis were 
completed on the Convair, the antenna was 
repositioned until it pointed directly toward 
the cockpit, so that a survey of the cockpit 
could be made for possible radiation exposure 
(figure 12). The antenna was then positioned 
at various angles to enhance possible reflection 
from wings and other aircraft structures while 
additional cockpit measurements were made. 
Notice that the front of the fuselage isa flat 
metal plate which effectively shields the cockpit 
from the dish. This plate is covered with an 
absorptive, anechoic material to prevent re- 
ceiver failure during the time that the antenna 
is rotating to the rear, since full 360 degree 
rotation is used by the AVQ-10. 

Finally, a measurement was made of the 
attenuation properties of the nose cone itself, 
since our measurements were unattenuated 
ones. This was accomplished by lowering the 
nose cone, determining the radiation intensity 
at a known distance, and comparing with pre- 
vious unattenuated values at the same distance. 

Measurements on the WP-103 in the Sabre 
Liner were simplified in that the plane is 
smaller and consequently lower to the ground. 


This factor allowed the antenna to be kept 
nearly perfectly horizontal, and thus fewer 
ground reflection problems were observed. Also, 
due to the inconvenience of the operation, the 
nose cone itself was not removed. Instead, a 
portion of the fuselage shell near the nose cone 
was removed, so that adjustments could be made 
for stopping the normal antenna rotation. Fig- 
ure 13 shows surveying around the Sabre Liner. 


Results 


The field intensity data resulting from our 
measurements are plotted in figures 14, 15, and 
16. Survey data for the simulation lab measure- 
ments on a Bendix RDR-1B and the RCA AVQ- 
10 are shown in figure 14. Actual data points 
are graphed and a smooth curve was visually 
fitted through these points. Also shown on 
each graph is the distance at which the far 
field begins, as calculated by reference (2) and 
indicated under calculated data in tables 3, 4, 
and 5. 

At various distances, more than one power 
density value was obtained. Such occurrences 
could be due to (a) practical difficulties en- 
countered in relocating the same exact measure- 
ment position with respect to the main beam, 
and (b) apparent power fluctuations in the RF 
output from the radar transmitter. This was 








Figure 13. 





Survey around Sabre Liner 
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Figure 14. Measurements at simulation lab with radome 
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Figure 15. Measurements of RCA AVQ-10 in Convair 600 


most evident in measurements on the RDR-1B 
and the Convair installation of the AVQ-10. In 
particular, stationary monitoring at a given 
distance would, from time to time, produce a 
variation in the power density reading, indi- 
cating some transmitter instability. However, 
notice that the area of data scatter in the 
RDR-1B measurements falls within the near 
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field range and consequently is possibly an indi- 
cation of the very erratic nature of this par- 
ticular region of the exposure field, causing 
extreme difficulty in repositioning the probe to 
the same exact point, on a repetitive basis. 
Table 7 summarizes the data, indicating the 
distance at which the exposure power density 
was found to be 10 mW/cm? and 1 mW/cm? 
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Figure 16. Measurements of Collins WP—103 in Sabre Liner 


Table 7. Summary of exposures from radars 





Approximate distance (feet) 
to exposure of: 
Radar configuration 





10 mW/cm? 1 mW/cm? 





RDR-1B (simulation lab) 9 
AVQ-10 (simulation lab) 12 
AVQ-10 (Convair) 18 
WP-103 (Sabre Liner) 8 











for each of the respective radar configurations. 
From the data, it appears that exposures in the 
neighborhood of 10 mW/cm? may occur in the 
general range of 8 to 18 feet from the antenna, 
dependent on the particular radar and condi- 
tions under which it might be measured 
(ground reflections included, radome losses, 
etc.). 

Measurement of the Convair 600 nose cone 
radome showed an attenuation of approximately 
5.5 dB or a power reduction factor of 0.28. 

When measurements were made about the 
perimeter of the simulation lab radome, no 
detectable radiation lobes were apparent at the 
0.2 mW/cm? level for either the RDR-1B or the 
AVQ-10. When approaching the transmitting 
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dish at extremely close-in distances inside the 
radome, some low-level fields were observed at 
about 2 feet from the side of the dish. 

A survey of the cockpit area of both the 
Sabre Liner and Convair 600 also showed that 
no detectable radiation at the 0.2 mW/cm? level 
was present (0.2 mW/cm? is the minimum de- 
tection capability of the Narda instrument). 
This was not surprising in the case of the Con- 
vair since a good shielding effect was produced 
by the fuselage shell between the cockpit and 
the radar antenna. With the Convair, the worst 
possible antenna position was used for these 
measurements—it was positioned directly to- 
ward the cockpit. Other directions were tried 
to see if reflections might occur from the wing 
or propeller structures on the aircraft causing 
scattering into the cockpit. Again, nothing 
detectable was observed in the cockpit (includ- 
ing ground reflection, radome losses, etc). How- 
ever, when the probe was held at arm’s length 
out of the pilot’s window (left-hand side) some 
minimal upscale reading was observed (some- 
thing slightly greater than 0.2 mW/cm’). 

In similar measurements on the Sabre Liner, 
no detectable levels were found in the cockpit. 
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In this case, however, the radar dish is sector 
scanned and limited to principally the front 
270° of view. 


Conclusions 


On the basis of this study, the following con- 
clusions have been reached: 

a. Typical maximum power for aircraft 
radars lies in the range 20 to 100 kW peak and 
20 to 120 W average power. 

b. Antenna gains are normally in the range 
of 25 to 30 dB. 

c. Peak ERP is in the range of 6 MW to 
100 MW while average ERP is in the range of 
6 kW to 120 kW. 

d. Exposures to power densities of 10 
mW/cm? can occur in the range of 8 to 18 feet 
from the antenna. 

e. Aircraft radomes can exhibit attenuations 
of about 5.5 dB. 


f. No radiation levels in excess of 0.2 


mW/cm? existed in the aircraft cockpits. 

g. Normally, airborne radar antennas are 
rotating devices with either sector scanned or 
full 360 degree rotation at approximately 15 


r/min. 

h. In general, the radar beams on commer- 
cial aircraft are above 6 feet in height from the 
ground. 


FIELD STRENGTH AND POWER 


(Wim) 


FIELD «=STRENGTH 


i. Reliable survey data can be obtained only 
by stopping the antenna rotation. 

j. Reflections from nearby objects, including 
the ground, tend to cause irregularities in the 
field structure. Because of the unknown phase 
characteristics of the reflected waves, actual 
measurements are preferable to determine 
exposure in these situations. 

k. Use of far field antenna gain was not 
reliable for predicting distances to the 10 
mW ‘cm? exposure level. 


Recommendations 


Further investigation with respect to this 
study which could add useful information to 
the question of human exposure from airborne 
radar would be a determination of possible pas- 
senger exposure distances which can be found 
at airports. This information would prove in- 
teresting from the standpoint of an inadvertent 
exposure occurring when the airplane is parked 
near areas with passenger waiting rooms. 
Under such circumstances and depending upon 
the exact plane-waiting room configuration, 
potential short-burst radiation levels could be 
reasonably high. Assuming an instantaneous 
time average exposure of 5 mW/cm’, the peak 
power density could be about 5 W/cm’. 


DENSITY IN FREE SPACE 


4 
(#°/"6P) ALISNSG B3MOd 


POWER DENSITY (mW/en?) 


APPENDIX A. Field strength and power density in free space 
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SECTION I. MILK AND FOOD 


Milk Surveillance, November 1973 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an 
indicator of the general population’s intake of 
radionuclide contaminants resulting from en- 
vironmental releases. Fresh milk is consumed 
by a large segment of the population and con- 
tains several of the biologically important 
radionuclides that may be released to the en- 
vironment from nuclear activities. In addition, 
milk is produced and consumed on a regular 
basis, is convenient to handle and analyze, and 
samples representative of general population 
consumption readily can be obtained. There- 
fore, milk sampling networks have been found 
to be an effective mechanism for obtaining in- 
formation on current radionuclide concentra- 
tions and long-term trends. From such infor- 
mation, public health agencies can determine 
the need for further investigation or corrective 
public health action. 


The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, En- 
vironmental Protection Agency, and the Office 
of Food Sanitation, Food and Drug Adminis- 
tration, Public Health Service, consists of 65 
sampling stations: 63 located in the United 
States, one in Puerto Rico, and one in the 
Canal Zone. Many of the State health depart- 
ments also conduct local milk surveillance pro- 
grams which provide more comprehensive 
coverage within the individual State. Data from 
15 of these State networks are reported rou- 
tinely in Radiation Data and Reports. Addi- 
tional networks for the routine surveillance of 
radioactivity in milk in the Western Hemi- 
sphere and their sponsoring organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. En- 
vironmental Protection Agency)—5 sam- 
pling stations 


Canadian Milk Network (Radiation Protec- 
tion Division, Canadian Department of Na- 
tional Health and Welfare)—16 sampling 
stations. 


The sampling locations that make up the 
networks reporting presently in Radiation Data 
and Reports are shown in figure 1. Based on 
the similar purpose for these sampling activi- 
ties, the present format integrates the comple- 
mentary data that are routinely obtained by 
these several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
are formed as a result of nuclear fission become 
incorporated in milk (1). Most of the possible 
radiocontaminants are eliminated by the se- 
lective metabolism of the cow, which restricts 
gastrointestinal uptake and secretion into the 
milk. The five fission-product radionuclides 
which commonly occur in milk are strontium- 
89, strontium-90, iodine-131, cesium-137, and 
barium-140. A sixth radionuclide, potassium- 
40, occurs naturally in 0.0118 percent (2) 
abundance of the element potassium, resulting 
in a specific activity for potassium-40 of 830 
pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
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Figure 1. Milk sampling networks in the Western Hemisphere 
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metabolically similar radionuclides (radio- 
strontium and radiocesium, respectively). The 
contents of both calcium and potassium in milk 
have been measured extensively and are rela- 
tively constant. Appropriate values and their 
variations, expressed in terms of 2 standard 
deviations (2c), for these elements are 1.16 + 
0.08 g/liter for calcium and 1.51 + 0.21 g/liter 
for potassium. These figures are averages of 
data from the PMN for May 1963—March 1966 
(3) and are used for general radiation calcu- 
lations. 


Accuracy of data from various milk networks 


In order to combine data from the interna- 
tional, national, and State networks considered 
in this report, first it was necessary to deter- 
mine the accuracy with which each laboratory 
is making its determinations and the agreement 
of the measurements among the laboratories. 
The Analytical Quality Control Service of the 
Office of Research and Development conducts 
periodic studies to assess the accuracy of de- 
terminations of radionuclides in milk per- 
formed by interested radiochemical laborato- 
ries. The generalized procedure for making such 
a study has been previously outlined (4). 

The most recent study was conducted during 
June 1972 with 37 laboratories participating in 
an experiment on a milk sample containing 
known concentrations of iodine-131, cesium- 
137, strontium-89, and strontium-90 (5). Of 
the 18 laboratories producing data for the net- 
work reports in Radiation Data and Reports, 
14 participated in the study. 


Table 1. 


The accuracy results of this study for these 
14 laboratories are shown in table 1. The accu- 
racy of the cesium-137 measurements continues 
to be excellent as in previous experiments. 
However, both the accuracy and precision need 
to be improved for iodine-131, strontium-89, 
and strontium-90 which could probably be ac- 
complished through recalibration. 


Development of a common reporting basis 


Since the various networks collect and 
analyze samples differently, a complete under- 
standing of several parameters is useful for 
interpreting the data. Therefore, the various 
milk surveillance networks that report regu- 
larly were surveyed for information on analyt- 
ical methods, sampling and analysis frequen- 
cies, and estimated analytical errors associated 
with the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, 
iodine-131, cesium-137, and barium-140) are 
determined by gamma-ray spectroscopy of 
whole milk. Each laboratory has its own modi- 
fications and refinements of these basic method- 
ologies. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. Many 
networks are analyzing composite samples on a 
quarterly basis for certain nuclides. The fre- 
quency of collection and analysis varies not 


Distribution of mean results, quality control experiment 





Number of laboratories in each category 





Isotope and known concentration 
Acceptable * 





Iodine-131: (96 or 99 pCi /liter) 
(488 or 484 pCi /liter) 
Cesium-137: (58 or 54 pCi/liter) 
5 or 3 
Strontium-89: (29 or 30 if 
(197 or 201 Ai 
Strontium-90: (32.1 or 32. 
(150.5 or 151 

















Cosronoor 
or anorns. 
~~, 





® Measured concentration equal to or within 2¢ of the known concentration. 
> Measured concentration outside 2¢ and equal to or within 3¢ of the known concentration. 
© Measured concentration outside 3e of the known concentration. 
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only among the networks but also at different 
stations within some of the networks. In addi- 
tion, the frequency of collection and analysis 
is a function of current environmental levels. 
The number of samples analyzed at a particular 
sampling station under current conditions is 
reflected in the data presentation. Current 
levels for strontium-90 and cesium-137 are 
relatively stable over short periods of time, 
and sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine- 
131, the frequency of analysis is critical and 
generally is increased at the first measurement 
or recognition of a new influx of this radio- 
nuclide. 

The data in table 2 show whether raw or 
pasteurized milk was collected. An analysis 
(6) of raw and pasteurized milk samples col- 
lected during January 1964 to June 1966 indi- 
cated that for relatively similar milkshed or 
sampling areas, the differences in concentration 
of radionuclides in raw and pasteurized milk 
are not statistically significant (6). Particular 
attention was paid to strontium-90 and cesium- 
137 in that analysis. 

Practical reporting levels were developed by 
the participating networks, most often based on 
2-standard-deviation counting errors or 2- 
standard-deviation total analytical errors from 
replicate analyses (3). The practical reporting 
level reflects analytical factors other than sta- 
tistical radioactivity counting variations and 
will be used as a practical basis for reporting 
data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal 
to or less than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 





Some of the networks gave practical report- 
ing levels greater than those above. In these 
cases, the larger value is used so that only data 
considered by the network as meaningful will 
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be presented. The practical reporting levels 
apply to the handling of individual sample 
determinations. The treatment of measure- 
ments equal to or below those practical report- 
ing levels for calculation purposes, particularly 
in calculating monthly averages, is discussed in 
the data presentation. 

Analytical error of precision expressed as 
pCi/liter or percent in a given concentration 
range also has been reported by the networks 
(3). The precision errors reported for each of 
the radionuclides fall in the following ranges: 


Analyiical errors of precision 
(2 standard deviations) 
1-5 pCi/liter for levels <50 

pCi/liter ; 
5-10% for levels =50 pCi/ 
liter ; 


Radionuclide 
Strontium-89 





Strontium-90 1-2 pCi/liter for levels <20 
pCi/liter ; 

4-10% for levels =20 pCi/ 
liter ; 

4-10 pCi/liter for levels <100 
pCi/liter ; 

4-10% for levels =100 pCi/ 
liter. 


Iodine-131 
Cesium-137 
Barium-140 


For iodine-131, cesium-137, and barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter 
for Colorado. This is reflected in the practical 
reporting level for the Colorado milk network. 


Federal Radiation Council guidance applicable 
to milk surveillance 


In order to place the United States data on 
radioactivity in milk in perspective, a summary 
of the guidance provided by the Federal Radia- 
tion Council for specific environmental condi- 
tions was presented in the February 1973 issue 
of Radiation Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are reported routinely in Radiation Data 
and Reports. The relationship between the 
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Table 2. Concentrations of radionuclides in milk for November 1973 and 12-month period 
December 1972 through November 1973 





Radionuclide concentration 
(pCi liter) 





Sampling location of Strontium-90 Cesium-—137 








12—month Monthly 12—month 
average average’ average 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for November 1973 and 12-month period, 
December 1972 through November 1973—continued 





Radionuclide concentration 


(pCi liter) 





Sampling location Strontium—90 Cesium-137 








12—month Monthl 12—month 
average ave’ average 





Minneapolis 
Rochester _ 


wZ 
coon hoocoocooo 


Albuquerque* 
Buffalo* 

New York City* 
Syracuse* 


a> 


Oklahoma City* 
Portland* 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for November 1973 and 12-month period 
December 1972 through November 1973—continued 





T. 
ua 


Radionuclide concentration 
(pCi/liter) 





Strontium-90 Cesium—137 








12—month 
average 


Monthly 
average> 


12—month 





CANADA: 


Alberta: 


E 
British Columbia: 
Manitoba: 
New Brunswick: 
Newfoundland: 
Nova Scotia: 
tario: 


Quebec: 
Saskatchewan: 
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* P, pasteurized milk. 
R, raw milk. 


>» When an individual sampling result was equal to or less than the practical reporting level, a value of “0” was used for averaging. 


Monthly averages less than the 
average contained levels greater t' 


of samples in the monthly av is given in 


ractical reporting level reflect the fact that some but not all of the individual samples making up the 
the practical a level. When more than one analysis was made in a month period, the number 
eses. 


t 
© Pasteurized Milk Network station. All ot comeing locations are part of the State or National network. 


d pond pny reporting level for this network di 
were eq to or less than the Sey | practical reporting levels: 
Cesium—137: Colorado—25 pCi/liter; Oregon—15 pCi /liter. 


ers from the general ones given in the text. Sampling results for these networks 


© This entry = the average radionuclide concentrations for the Pasteurized Milk Network stations denoted by footnote °. 


NA, no an: 
NS, no sample collected. 


PMN stations and the State stations is shown 
in figure 2. The first column in table 2 under 
each of the reported radionuclides gives the 
monthly average for the station and the num- 
ber of samples analyzed in that month in 
parentheses. When an individual sampling 
result is equal to or below the practical report- 
ing level for the radionuclide, a value of zero 
is used for averaging. Monthly averages are 
calculated using the above convention. Aver- 
ages which are equal to or less than the prac- 
tical reporting levels reflect the presence of 
radioactivity in some of the individual samples 
greater than the practical reporting level. 
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The second column under each of the radio- 
nuclides reported gives the 12-month average 
for the station as calculated from the preceding 
12 monthly averages, giving each monthly aver- 
age equal weight. Since the daily intake of 
radioactivity by exposed population groups, 
averaged over a year, constitutes an appropri- 
ate criterion for the case where the FRC radia- 
tion protection guides apply, the 12-month 
average serves as a basis for comparison. 


Discussion of current data 


In table 2, surveillance results are given for 
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ALASKA 
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L\ CANAL ZONE | 





Figure 2. 


strontium-90 and cesium-137 for November 
1973 and the 12-month period, December 1972 
to November 1973. Except where noted, the 
monthly average represents a single sample for 
the sampling station. Strontium-89, iodine-131, 
and barium-140 data have been omitted from 
table 2 since levels at all of the stations for 
November 1973 were below the respective prac- 
tical reporting levels. 

Strontium-90 monthly averages ranged from 
0 to 11 pCi/liter in the United States for No- 
vember 1973 and the highest 12-month average 
was 18 pCi/liter (Little Falls, Minn.) repre- 
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State and PMN milk sampling stations in the United States 


senting 9.0 percent of the Federal Radiation 
Council radiation protection guide. Cesium-137 
monthly averages ranged from 0 to 32 pCi/liter 
in the United States for November 1973, and 
the highest 12-month average was 49 pCi/liter 
(Southeast Florida) representing 1.4 percent 
of the value derived from the recommendations 
given in the Federal Radiation Council report. 

The Office of Radiation Programs is in the 
process of modifying the milk program to make 
it more responsive to potential sources of en- 
vironmental radioactivity. These changes will be 
reflected in future articles. 
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Food and Diet Surveillance 


Efforts are being made by various Federal Networks presently in operation and reported 
and State agencies to estimate the dietary in- routinely include those listed below. These net- 
take of selected radionuclides on a continuing works provide data useful for developing esti- 
basis. These estimates, along with the guidance mates of nationwide dietary intakes of radio- 
developed by the Federal Radiation Council, nuclides. Programs reported in Radiation Data 
provide a basis for evaluating the significance and Reports are as follows: 
of radioactivity in foods and diet. 


Program Period reported Issue 
California Diet July 1971—December 1972 February 1974 
Carbon-14 in Total Diet and Milk 1972-1973 November 1973 
Institutional Diet April—June 1973 March 1974 
Strontium-90 in Tri-City Diets 1972 December 1973 
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SECTION I. WATER 


The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, a measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
observed values with the Public Health Service 
Drinking Water Standards (1). These stand- 
ards, based on consideration of Federal Radia- 
tion Council (FRC) recommendations (2-4) set 
the limits for approval of a drinking water 
supply containing radium-226 and strontium- 
90 at 3 pCi/liter and 10 pCi/liter, respectively. 


Water sampling program 
California 
Colorado River Basin 
Community Water Supply Study 
Florida 
Interstate Carrier Drinking Water 
Kansas 
Minnesota 
New York 
North Carolina 
Radiostrontium in Tap Water, HASL 
Tritium Surveillance System 
Washington 
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(1) U.S. PUBLIC HEALTH SERVICE. Drinking 
water standards, revised 1962,,PHS Publication 
No. 956. Superintendent of Documents, U.S. Gov- 
ernment Printing Office, Washington, D.C. 20402 
(March 1963). 

FEDERAL RADIATION COUNCIL. - Radiation 
Protection Guidance for Federal Agencies. Memo- 
randum for the President, —— 1961. Reprint 
from the Federal Register of September 26, 1961. 
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Higher concentrations may be acceptable if the 
total intake of radioactivity from all sources 
remains within the guides recommended by 


“FRC for control action. In the known absence’ 


of strontium-90 and alpha-particle emitters, the 
limit is 1,000 pCi/liter gross beta radioactivity, 
except. when additional analysis indicates that 
concentrations of radionuclides are not likely to 
cause exposures greater than the limits indi- 
cated by the Radiation Protection Guides. Sur- 
veillance data from a number of Federal and 
State programs are published periodically to 
show current and long-range trends. Water 
sampling activities reported in Radiation Data 
and Reports are listed below. 


* Absence is taken to mean a negligibly small frac- 
tion of the specific limits of 3 pCi/liter and 10 pCi/liter 


for unidentified alpha-particle emitters and strontium-— 


90, respectively. 


Period reported 
1971 and 1972 
1968 
1969 
1969 
1971 
1971 
July 1971-—June 1972 
July—December 1971 
1968-1970 





January—December 1972 


April—June 1973 
July 1970-—June 1971 


Issue 
November 1973 
March 1972 
September 1972 
January 1972 
May 1972 
February 1973 
March 1974 
August 1973 
September 1972 
December 1973 
October 1973 
August 1973 


(3) FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation tec- 


tion Standards, Report No. 1. ene of 


Documents, U.S. Government 


inting Office, 


Washington, D.C. 20402 (May 1960). 
FEDERAL RADIATION COUNCIL. Background 


material for the development of Radiation 
tion Standards, Report 
Documents, U.S. Government 


rotec- 


No. 2. Superintendent of 


rinting Office, 


Washington, D.C. 20402 (September 1961). 
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Radioactivity in Florida Waters, 1970° 


Radiological and Occupational Health Section 
Florida State Division of Health 


The Florida State Division of Health samples 
raw surface, ground, and treated water in 13 
hydrological subbasins as shown in figure 1. 
Samples collected on a variable frequency and 
analyzed for gross alpha and beta radioactivity 
during 1970 are presented in table 1. 

In addition to sampling being done by the 
Florida State Division of Health, the Bio- 
environmental Engineering Research Labora- 
tory, University of Florida, samples surface, 
ground, and municipal water in Alachua County 


for gross beta radioactivity. Samples are taken 
monthly from each sampling point with the 
exception of the City of Gainesville where raw 
water is sampled daily. These data for 1970 are 
summarized in table 2. Gross beta radioactivity 
above the minimum reported concentration was 
detected in 6 water samples taken in Alachua 


1 Data taken from “Report of Florida Radiological 
Surveillance Programs, 1970,” Bureau of Preventable 
Diseases, Radiological and Occupational Health Section, 
Jacksonville, Fla. 
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Table 1. Gross alpha and beta radioactivity in County. The 6 samples averaged 13 pCi/liter 
een ay Se of gross beta radioactivity. 

Number | Alpha Beta During 1970, only 18 samples out of a total 

oie of 68 collected from 45 sampling sites showed 
gross beta radioactivity greater than the mini- 
mum reported concentration. The 18 surface, 
ground, and municipal water samples averaged 
18 pCi/liter. The average gross beta radio- 
St. Mary's, Nassau, and activity in water samples is well below the 
‘her... limitations imposed by the standard for gross 
beta radioactivity in drinking water (1 000 
pCi/liter) (1). 





Location 





St. John’s River: 


Ot at tt DD A et et 


Kissimmee River Basin: 
Treated 


REFERENCE 


(1) PUBLIC HEALTH SERVICE. Public Health 
Service Drinking Water Standards, Revised 1962, 
PHS Publication No. 956. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washing- 

* Composite sample ton, D.C. 20402 (March 1963). 














Table 2. Gross beta radioactivity in Florida water, 1970 





Radioactivity concentration 
(pCi/liter) 





June 





Alachua County: (18 sampling locations) 
Maximum 
Average 


City of Gainesville: 
Maxi 












































NS, no sample collected. 
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SECTION If. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental 
fission product radioactivity. To date, this sur- 
veillance has been confined chiefly to gross beta 
radioanalysis. Although such data are insuffi- 
cient to assess total human radiation exposure 
from fallout, they can be used to determine 
when to modify monitoring in other phases of 
the environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 


Network 
Fallout in the United States 
and other areas, HASL 
Mexican air monitoring program 
Plutonium in airborne 
particulates 
Surface air sampling program, 
80th Meridian Network, HASL 


1971 
January—December 1973 


October-December 1972 


1971 


periodically to show current and long-range 
trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the Environmental Protection 
Agency, the Canadian Department of National 
Health and Welfare, the Pan American Health 
Organization and the California Department of 
Health. 

In addition to those programs presented in 
this issue, the following programs were covered 
previously in Radiation Data and Reports. 


Period Issue 


August 1973 
December 1973 


June 1973 


September 1973 
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1. Radiation Alert Network 
November 1973 


Eastern Environmental Radiation Facility, 
Montgomery 
Environmental Protection Agency 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which gathers samples 
at 68 locations distributed throughout the coun- 
try (figure 1). Most of the stations are oper- 
ated by State health department personnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection, when most of the 
radon daughter products have decayed, and at 
29 hours after collection, when most of the 


thoron daughter products have decayed. The-. 


airborne particulate samples and precipitation 


Avatin® 


samples are sent to the Eastern Environmental 
Radiation Facility for further analysis. All 
field estimate results are reported to appro- 
priate Environmental Protection Agency offi- 
cials by mail or telephone depending on levels 
found. A compilation of the daily measure- 
ments. is available upon request from the 
Eastern Environmental Radiation Facility, 
Montgomery, Ala. 36109. A detailed description 
of the sampling and analytical procedures was 
presented in the March 1968 issue of Radio- 
logical Health Data and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured by 
the field estimate and laboratory techniques 
during November 1973. 

The Office of Radiation Programs is in the 


-process of modifying the air program to make 


it more responsive to potential sources of 
environmental radioactivity. These changes will 
be reflected in future articles. 





Radiation Alert Network sampling stations 


April 1974 





Table 1. 


Gross beta radioactivity in surface air and precipitation, November 1973 





Gross beta radioactivity (pCi/m*) 


Precipitation 





Station location * 


5-hour field estimate 


Laboratory measurement Laboratory estimate of 


deposition 





Maximum | Minimum 


Average > 


Depth 
(mm) 


Total 
deposition 
(nCi/m?) 


Maximum Minimum Average > 
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Network summary 





























® The remaining staticns are on standby status. 


+ The monthly average is calculated by weighting the estimates of individual air samples with length of sampling period. 





2. Air Surveillance Network 
November 1973 


National Environmental Research Center— 
Las Vegas’ 
Environmental Protection Agency 


The Air Surveillance Network (ASN),? oper- 
erated by the National Environmental Research 
Center—Las Vegas (NERC-LV), consists of 
49 active and 72 standby sampling stations 
located in 21 western States (figures 2 and 3). 
The network is operated in support of nuclear 
testing sponsored by the U.S. Atomic Energy 
Commission (AEC) at the Nevada Test Site 
(NTS), and at any other designated testing 
sites. 

The stations are operated by State health 
department personnel and by private individ- 
uals on a contract basis. All active stations are 


Western Environmental Research 


*Formerly the 
Laboratory. 

?The ASN is operated under a Memorandum of 
Understanding (No. AT(26—1)-539) with the Nevada 
Operations Office, U.S. Atomic Energy Commission. 
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operated continuously with filters being ex- 
changed after periods generally ranging from 
48 to 72 hours. All samples are mailed to the 
NERC-LV unless special retrieval is arranged 
at selected locations in response to known re- 
leases of radioactivity from the NTS. A com- 
plete description of sampling and analytical 
procedures was presented in the February 1972 
issue of Radiation Data and Reports. 


Results 


Table 2 presents the average gross beta con- 
centrations in air for each of the network 
stations. The minimum reporting concentration 
for gross beta activity is 0.1 pCi/m*. For report- 
ing purposes, concentrations less than 1.0 
pCi/m! are reported to 1 significant figure, and 
those equal to or greater than 1.0 pCi/m® are 
reported to 2 significant figures. For averaging 
purposes individual concentration values less 
than the minimum detectable concentration 
(~0.03 pCi/m* for a 700 m* sample) are set 
equal to the minimum detectable concentration 
(MDC). Reporting and rounding-off conven- 
tions are as follows: 
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Figure 2. NERC-LYV Air Surveillance Network stations in Nevada 
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Figure 3. 


NERC-LYV Air Surveillance Network stations outside Nevada 
April 1974 





Reported value of Reported value of 
Concentration concentration above MDC concentration below MDC 


(pCi/m°) (pCi/m*) 





(pCi/m'*) 





<0.05 <0.1 
=0.05 <0.15 0.1 





<0.1 
<0.1 


>0.15 As calculated and rounded <calculated MDC 


As shown in table 1, the highest gross beta 
concentration at continuously operated stations 
within the network was 0.3 pCi/m* at Blue 
Jay, Nev. No radionuclides were identified by 
gamma spectrometry on any filters ‘or charcoal 
cartridges during November 1973. 


Complete copies of this summary and listings 
of the daily gross beta and gamma spectrometry 
results are distributed to EPA Regional Offices 
and appropriate State agencies. Additional 
copies of the daily results may be obtained 
from the NERC-LV upon written request. 


Table 2. Summary of gross beta radioactivity concentrations in air, November 1973 
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3. Canadian Air and Precipitation Surface air and precipitation data for No- 
Monitoring Program,’ November 1973 vember 1973 are presented in table 3. 


Table 3. Canadian gross beta radioactivity in surface 
air and precipitation, November 1973 





Radiation Protection Bureau 


° Ai ill Precipitati 
Department of National Health and Welfare beta radioactivity irement 
pCi/m 





The Radiation Protection Division of the coneen- 
Canadian Department of National Health and (pCi 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout Study Calgary ——-—- 
Program. Twenty-four collection stations are was 
located at airports (figure 4), where the sam- 
pling equipment is operated by personnel from 
the Meteorological Services Branch of the 
Department of Transport. Detailed discussions 
of the sampling procedures, methods of analy- 
sis, and interpretation of results of the radio- 
active fallout program are contained in reports 
of the Department of National Health and 
Welfare (1-5). Opt Sen, Morte... 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and we 
Reports. Yellowknife 
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: Figure 4. Canadian air and precipitation sampling stations 
April 1974 
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4. Pan American Air Sampling Program 
November 1973 


Pan American Health Organization and 
U.S. Environmental Protection Agency 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the Environmental Protection Agency 
(EPA) to assist PAHO-member countries in 
developing radiological health programs. 

The air sampling station locations are shown 
in figure 5. Analytical techniques were described 
in the March 1968 issue of Radiological Health 
Data and Reports. The November 1973 air 
monitoring results from the participating coun- 
tries are given in table 4. 
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Figure 5. 


Table 4. 


Pan American Air Sampling Program stations 


Summary of gross beta radioactivity in 


Pan American surface air, November 1973 





Station location 


Gross beta 
radioactivity 
(pCi/m*) 








Argentina: 
Bolivia: La P: 
Chile: 
Colombia: 
Ecuador: 

Guayaquil 

juito 

Guyana: 
Jamaica: 


eru: Li 
Trinidad and Tobago: 
Venezuela: 


Buenos Aires___ 





Pan American summary 


0.02 

















* The monthly average is calculated by weighting the individual samples 


with length of sampling period 


Values less than 0.005 pCi/m* are reported and used in averaging 0.00 


pCi/m*. 
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5. California Air Sampling Program 
November 1973 


Radiologic Health Section 
California Department of Health 


The Radiologic Health Section of the Cali- 
fornia Department of Health with the assistance 
of several cooperating agencies and organiza- 
tions operates a surveillance system for 
determining radioactivity in airborne particu- 
lates. The air sampling locations are shown in 
figure 6. 

All air samples are sent to the Sanitation and 
Radiation Laboratory of the State Department 
of Health where they are analyzed for their 
radioactive content. 


Airborne particles are collected by a con- 
tinuous sampling of air filtered through a 47 
millimeter membrane filter, 0.8 micron pore 
size, using a Gast air pump of about 2-cubic feet 
per minute capacity, or 81.5 cubic meters per 
day. Air volumes are measured with a direct 
reading gas meter. Filters are replaced every 
24 hours except on holidays and weekends. The 
filters are analyzed for gross alpha and beta 
radioactivity, 72 hours after the end of the 
collection period. The daily samples then are 
composited into a monthly sample for gamma 
spectroscopy and an analysis for strontium-89 
and strontium-90. Table 5 presents the monthly 
gross beta radioactivity in air for November. 
The monthly sample results are presented 
quarterly. 
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Figure 6. California air sampling program stations 
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Table 5. Gross beta radioactivity in California air, 
November 1973 





Gross beta radioactivity 
(pCi/m*) 
Station location 
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SECTION IV. 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 
Included here are such data as those obtained 


OTHER DATA 


from human bone sampling, Alaskan surveil- 
lance and environmental monitoring around 
nuclear facilities. 





Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual re- 
ports on the environmental levels of radio- 
activity in the vicinity of major Commission 
installations. The reports include data from 
routine monitoring programs where operations 
are of such a nature that plant environmental 
surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 


ards set forth by AEC’s Division of Operational 
Safety in directives published in the “AEC 
Manual.” 


Summaries of the environmental radio- 


activity data follow for Hanford Atomic Prod- 
ucts Operation. 


* Title 10, Code of Federal Regulations, Part 20, 
“Standards for Protection Against Radiation” contains 
essentially the standards published in Chapter 0524 of 
the AEC Manual. 





1. Hanford Atomic Products Operation’ 
January—December 1970 


Battelle Pacific Northwest Laboratories 
Richland, Wash. 


The primary mission at the Hanford site of 
the Atomic Energy Commission (AEC) has 
been the production of plutonium. Activities 
have included nuclear fuel fabrication, pluto- 
nium production and test reactor operation, 
chemical separations of irradiated fuels, labora- 
tory support and research, waste storage and 
disposal, and plant support operations. In re- 
cent years, privately-owned facilities located 
within the Hanford site boundaries have in- 
cluded a power generating station, an office 
building, and a radioactive waste burial site. 

Low-level wastes from Hanford operations, 
fallout from nuclear weapons testing, naturally- 


?Summarized from Pacific Northwest Laboratory 
“Environmental Surveillance at Hanford for 1970, oO 
BNWL-1669 (September 1973). 


April 1974 


occurring radioelements, and cosmic radiation 
all contribute to radioactivity in the Hanford 
environs. The most significant Hanford con- 
tributions to off-plant radioactivity and conse- 
quent population doses have usually originated 
with reactor cooling water released to the 
Columbia River (1-3). Between December 1964 
and December 1970, all but one (KE) of the 
eight production reactors with once-through 
cooling were deactivated. The only other pro- 
duction reactor remaining in operation at Han- 
ford during 1970 was N reactor, which has a 
closed primary cooling loop and releases only 
minor quantities of radioactivity to the river. 

The purpose of this annual report is to pre- 
sent an evaluation of the combined offsite 
effects of the radioactive effluents released to 
uncontrolled areas by all Hanford contractors 
during 1970. 

The Hanford site is in a semiarid region of 
southeastern Washington State (figure 1) 
where the average rainfall is about 16 cm 
(6 inches). This section of the State has a 
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Figure 1. 


sparse covering of natural vegetation primarily 
suited for grazing, although large areas near 
the site have gradually been put under irriga- 
tion during the past few years. The plant site 
covers an area of about 1300 km? (500 square 
miles). The Columbia River flows through the 
northern edge of the project and forms part 
of the eastern boundary. Prevailing winds near 
the plant production sites are from the north- 
west, with strong drainage and cross winds 
causing distorted flow patterns. The meteorol- 
ogy of the region is typical of desert areas with 
frequent strong inversions occurring at night 
and breaking during the day to provide un- 
stable and turbulent conditions. 
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Hanford project environs 


The nearest population center is the tri-cities 
area (Richland, Pasco, and Kennewick) situ- 
ated on the Columbia River directly down- 
stream from the plant. Smaller communities in 
the vicinity include Benton City, West Rich- 
land, Mesa, and Othello. The population of the 
communities near the plant together with the 
surrounding agricultural area, is about 100 000. 

The farming area closest to Hanford is on 
Wahluke Slope, about 11 km (7 miles) from N 
reactor but much of the land east and south of 
the project boundary is under cultivation. Most 
irrigated farms near the Hanford plant obtain 
water from the Yakima River or from the Co- 
lumbia River above the plant. However, two 
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small irrigated areas using Columbia River 
water taken downstream from the reactor are 
the Ringold farms and the Riverview district 
west of Pasco. These are about 40 km (25 
miles) and 70 km (45 miles), respectively, 
downstream from the N reactor. The principal 
products from the larger farm plots are hay, 
fruit, beef, and dairy products. 


Sources and levels of environmental 
radioactivity 


Radioactive wastes continued to be generated 
during 1970 by the KE and N production reac- 
tors, the chemical processing plants, and the 
laboratories. High-level wastes were concen- 
trated and retained in storage in the chemical 
processing areas. Controlled releases of low- 
level wastes, for which concentration and stor- 
age were not feasible, were made to the ground, 
to the atmosphere, and to the Columbia River. 

Changes of significance in plant operations 
during 1970 included the retirement in Febru- 
ary of KW reactor, the seventh of the eight 
Hanford production reactors using single-pass 
cooling to be retired since 1964. Two plutonium 
production reactors, one single-pass (KE) and 
one recirculating coolant dual-purpose reactor 
(N), remained in operation. From February to 
April and again in September, no reactors were 
operating. 

A marked reduction from 1969 occurred in 
releases of radioiodine from the chemical proc- 
essing facilities. Effects of a reported atmos- 
pheric nuclear weapons test were detected tem- 
porarily in air and milk in December. 

In late December 1969, two ducks collected 
during routine surveillance from the K reactor 
area trench were found to contain greater 
amounts of radioactivity, primarily phos- 
phorus-32, than birds taken from the river. The 
trench received single-pass reactor coolant, and 
the ducks had apparently consumed algae from 
this site. Initial followup in January 1970, in- 
volved collection of waterfowl from all open 
ponds and trenches at the Hanford site. One 
duck was found at the K trench and one more 
with unusually high phosphorus-—32 concentra- 
tions was found residing on the N reactor 
trench. Corrective action was taken to prevent 
further access by gamebirds. As in past years, 
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none of the many gamebirds collected along the 
river and close to public hunting areas showed 
any similar concentrations of radionuclides. 


Radioactivity in the Columbia River 


Nuclides present in reactor effluent 


Cooling of the Hanford production reactors 
(with the exception of N reactor) is accom- 
plished by a single pass of treated Columbia 
River water. The N reactor uses recirculating 
demineralized water as a primary coolant. Some 
cooling water containing radioactive material 
is discharged to a ground disposal site with 
overflow to the N trench; liquid wastes are col- 
lected and transported to the chemical process- 
ing areas for processing and disposal. Most of 
the radionuclides discharged to the ground 
decay before reaching the river via passage 
through the soil. Others are absorbed or filtered 
by soil particles and retained. Although some 
of these radionuclides eventually enter the 
river, the total quantity of radioactivity enter- 
ing the Columbia River from N reactor is a 
negligibly small fraction of that released from 
the single-pass reactors, and has generally not 
been detectable in the river at the downstream 
plant boundary. 

At the older single-pass production reactors, 
some elements present in the cooling water are 
activated while passing through the reactors. 
Other elements adhere to films formed on sur- 
faces of fuel elements and process tubes, are 
activated, and are eventually discharged with 
the cooling water to the river. Table 1 shows 
the relative abundance of the radionuclides 
found in the cooling water of the older single- 
pass production reactors, 4 hours after leaving 
the reactor. 

Many of the radionuclides formed in reactor 
cooling water are short-lived and disappear 
quickly due to radioactive decay. In addition, 
sedimentation and uptake by aquatic organisms 
removes some fraction of most radionuclides 
from the river water. Small amounts of fission 
products are released to the river from the fis- 
sioning of natural uranium present in the water 
used for cooling, from occasional element 
cladding failures, and from weapons test fall- 
out. Some radionuclides probably also entered 
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Table 1. Relative abundance of reactor effluent 


radionuclides* 





Percent of abundance 





Trace 
(1 percent) 
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b I71Er 




















* Trace nuclide composition based on analyses made in 1964 and 1968. 
> These radionuclides as a group are denoted hereafter as RE+Y (rare 
earths+ yttrium). 


the river from ground waste disposal sites, but 
their contribution to the total radioactivity in 
the river in 1970 was not detectable. 


River flow rates 


Seasonal fluctuations in flow rate of the Co- 
lumbia River affect concentrations of radio- 
nuclides released to the river by varying the 


quantity of water available for dilution. In 
addition, the scouring of sediments deposited in 
reservoirs behind each Columbia River dam 
causes seasonal fluctuations in transport rates 
of those longer-lived nuclides accumulated in 
the sediments. The fluctuating flow rate also 
affects the time required for a specific volume 
of water to move from one location to another, 
which in turn affects the time available for 
decay of the shorter-lived nuclides before ex- 
posure to the public. 


The weekly average flow rates of the Colum- 
bia River at Priest Rapids and Bonneville Dams 
are determined from daily average flow rates 
published by the U.S. Geological Survey (4). 
For 1970, the average river flow rate at Priest 
Rapids was 2790 m*/s (96400 ft*/s) which 
was less than the 1948-1962 annual average of 
3 770 m'/s (133 000 ft*/s). 


River concentrations 


During 1970, samples of river water were 
collected at Vernita upstream from the produc- 
tion reactors and below the reactors at the Rich- 
land water plant intake, and at Bonneville Dam. 
Where possible, cumulative sampling equipment 
was used to provide a more representative sam- 
ple than periodic “grab” samples. This cumula- 
tive sampling technique, however, prevents 
evaluation of the concentrations of radionu- 
clides with very short half-lives; these were 
measured in monthly “grab” samples (2). 

Table 2 shows the annual average radionu- 
clide concentrations of selected radionuclides in 
river water at Richland and at Bonneville Dam 
for 1966-1970. The data for 1966 reflect the 
effects of complete reactor shutdown during 
July and August. Comparison of 1970 with 
1969 concentrations indicates a major reduction 
for all radionuclides released to the river. 

Table 3 shows concentrations for a larger list 
of nuclides at Richland and Vernita for 1970 
only. Activation product nuclides and neptu- 
nium—239 are attributed to Hanford reactor op- 
erations. Strontium-90, plutonium—239, and 
total alpha-emitter concentrations are near or 
below analytical limits, and do not indicate a 
significant contribution from Hanford by com- 


Table 2. Annual average concentrations of selected radionuclides in the Columbia River, 1966-1970 
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Figure 2. Phosphorous—32, chromium—51, and iodine—131 transport 
rates in the Columbia River at Richland 
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Figure 3. Scandium—46 and zinc—65 transport rates in the Columbia 
River at Richland 
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Table 3. Concentrations of radionuclides in the Columbia River at Richland and Vernita, 1970 





Concentration 
(pCi/liter) 
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* Calculated from isotopic mixture. 
> Rare earths plus yttrium separation. 
© Less than the analytical limit. 


parison with upstream analyses at Vernita. The 
small increase in measured tritium concentra- 
tions between Vernita and Richland is probably 
due to releases from the operating reactors. 
The average concentration of any nuclide in the 
river at Richland during 1970 did not exceed 
3 percent of the AEC standards. 


Bonneville Dam, approximately 490 km (240 
miles) below the Hanford reactors, is the far- 
thest downstream location where river water is 
routinely sampled as part of the Hanford envi- 
ronmental surveillance program. Measurements 
at this location provide an upper limit to the 
annual transport of specific nuclides into the 
Pacific Ocean (table 4). 


Table 4. Annual average transport rates of selected 
radionuclides past Bonneville Dam, 1966-1970 





Sans) rate 
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NA, indicates no routine analysis was made. 
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Transport rates 


Figures 2 and 3 show the river transport 
rates of several radionuclides past Richland for 
1966 through 1970. The transport rates at Rich- 
land in 1970 for the five radionuclides shown 
were significantly lower than the 1969 values. 
Table 4 shows the annual average transport 
rates of selected radionuclides past Bonneville 
Dam. 


Trend indicator—whitefish 


The Columbia River is popular for sports 
fishing both above and below the Hanford reser- 
vation. Fish feeding downstream from the reac- 
tors contain some radionuclides originating 
from reactor effluent, acquired for the most part 
through food chains. Phosphorus-—32 is the most 
significant of these nuclides with regard to pop- 
ulation doses. Changes in river concentrations 
and temperatures may induce changes in con- 
centrations in biological media, and the ultimate 
uptake of radionuclides at each trophic level 
depends on complex environmental interrela- 
tionships. 

Whitefish are the sports fish that usually con- 
tain the greatest concentration of radioactive 
materials. Furthermore, they can be caught 
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during winter months when other sports fish 
are difficult to sample. Therefore, phosphorus— 
32 data accumulated from whitefish sampling 
near the plant boundary are useful as a long- 
term trend indicator of concentrations in bio- 
logical media, even though whitefish are not the 
most significant source of radionuclides for the 
local fish-consuming population. 

Concentrations of phosphorus—32 in white- 
fish during 1970 tend to follow the same sea- 
sonal trends observed in past years. As expected 
from river concentrations, the average concen- 
tration of phosphorus—32 in whitefish sampled 
downstream from the reactors during 1970 de- 
creased to 17 pCi/g from 34 pCi/g during 
1969 (1). 


Radioactivity in groundwater 


Radioactivity in the groundwater beneath 
the Hanford project results primarily from 
ground disposal of wastes in the chemical sepa- 
rations areas. These wastes are routed to vari- 
ous facilities, dependent upon their radionuclide 
burden and chemical content. High-level wastes‘ 
are stored in underground concrete tanks lined 
with steel. Intermediate-levels wastes® are sent 
to underground “cribs” (covered liquid waste 
disposal sites) from which they percolate into 
the waste disposal and high-level waste storage 
have soil with good ion exchange capacity and 


* High-level: >100 mCi/liter. 
5 Intermediate-level: 50 nCi/liter to 100 mCi/liter. 
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Figure 4. Tritium concentrations in groundwater, Hanford, 
July-December 1970 
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groundwater depths of 50 to 100 m. Low-level 
wastes® are usually sent to depressions in the 
ground where surface ponds or “swamps” have 
been formed as the result of the continuous 
addition of relatively large volumes of water. 
One important objective in the management 
of wastes placed in the ground is to prevent 
radionuclides from reaching the groundwater 
in quantities that could cause significant human 
radiation exposure should they ultimately mi- 
grate to the Columbia River. An extensive 
groundwater surveillance program is main- 
tained at Hanford to aid in achieving this objec- 
tive. Hundreds of wells have been drilled at 
various locations around the Hanford project, 
including sites within and near ground disposal 


* Low-level: <50 nCi/liter. 


and tank storage areas, to monitor the move- 
ment of radionuclides in the groundwater. 

The radioactivity reaching the groundwater 
from the chemical separations areas is primar- 
ily tritium and ruthenium-106; cobalt—60, and 
technetium-99 have also been found but at 
much lower concentrations. The more radio- 
toxic nuclides, such as strontium—90, have not 
been detected in groundwater except in the 
immediate vicinity of a few specific disposal 
sites. 

Figures 4 and 5 show the probable extent of 
detectable tritium and ruthenium-106 in 
groundwater beneath the Hanford project as 
of December 31, 1970 (5). The outer boundary 
of the contamination contours, i.e., 0.03 percent 
of the AEC standard for tritium and 2 percent 
of the AEC standard for ruthenium-106, repre- 
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Figure 5. Ruthenium—106 concentrations in ground water, Hanford, 
July—December 1970 
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sent the detection levels routinely achievable 
for those radionuclides. 


It is possible that some radionuclides from 
the chemical processing areas are presently en- 
tering the Columbia River. However, the con- 
centrations of these nuclides are too small to be 
routinely measurable in the groundwater near 
the river or in the river itself, and any radia- 
tion dose from them is negligible. 

Tritium in the groundwater near the river in 
the vicinity of the N reactor area may have 
contributed to the small increase in tritium con- 
centration observed in the river between Ver- 
nita and Richland in 1970 (table 3), but any 
resulting dose from offsite drinking water 
would still be negligible. 


A remote possibility exists that radioactive 
or process materials could penetrate to confined 
aquifers which generally underlie the Pasco 
Basin. Several farm wells on the east side of 
the Columbia River, which are believed to pene- 
trate to those confined aquifers, are routinely 
sampled for tritium and nitrate ion. The data 
are not definitive, since contamination from the 
surface by nitrate from fertilizers and tritium 


from non-Hanford sources in recent precipita- 
tion can also occur. Samples from all five offsite 
wells during 1970 were at or less than the 
analytical limit for tritium and nitrate ion. 


Radioactivity in drinking water 


The city of Richland, about 75 km (47 miles) 
downstream from the Hanford reactors, is the 
first community below the project that uses the 
Columbia River as a source of drinking water. 
Pasco and Kennewick, a few kilometers farther 
downstream, also use the river as a water 
source. The Richland and Pasco water plants 
use a modern flocculation-filtration treatment 
method; water for Kennewick is pumped from 
Ranney well collectors (infiltration pipes) laid 
in the riverbank. 

During 1970, cumulative and periodic grab 
water samples were collected at both the Rich- 
land and Pasco water plants and analyzed for 
selected individual radionuclides and gross beta 
activity (table 5). The Pasco sampling was dis- 
continued at midyear since the calculated dose- 
rate from drinking water was uniformly less 
than at Richland and was becoming less and 
less significant. At each plant, water was sam- 
pled after treatment and just prior to entering 
the city distribution system. 

The concentrations of short-lived radionu- 
clides in the water at the time it is consumed 
were less than shown in table 5 because there 
is a significant transport time between the 
water plant and most consumers. The transport 
time may vary from hours to days depending 


Table 5. Concentrations of several radionuclides in Richland drinking 
water," 1970 





Concentration 
(pCi /liter) 





Radionuclide 
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*® Measured at the water plants. 

b Calculated from isotopic ratios. 

¢ Results on cumulative samples. 
4 Rare earths plus yttrium fraction. 
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upon the location of the customers on the distri- 
bution system and the water demand. 


The nuclide showing the largest average per- 
centage of the AEC standard in Richland drink- 
ing water during 1970 was sodium-—24, about 2 
percent. 

Annual average concentrations of radionu- 
clides measured at the Richland water plant 
were used to calculate the doses from drinking 
water for comparison with past years. The cor- 
relation between the GI tract dose rate at the 
water plant (established by direct measurement 
of individual radionuclide concentrations) and 
the gross beta activity was determined monthly. 
This correlation, used in conjunction with 
thrice-weekly measurements of gross beta ac- 
tivity at the water plant, provided the basis for 
estimation of the GI tract dose. The estimated 
annual GI tract dose to Richland residents from 
the measured radionuclides in drinking water 
continued to decrease in 1970 (10 mrem) from 
1969 (17 mrem). 


Radionuclides in Columbia River fish 


The quantities and kinds of fish caught by 


local fishermen have been previously estimated 
from surveys carried out from 1961 to 1965 in 
cooperation with the Washington State Game 
Department. The maximum estimate of con- 
sumption by the fishermen interviewed was 200 
meals per year of panfish species (crappie, 
perch, and bass) taken from the Columbia 
River. Additional dietary data collected during 
1966 and 1967 from household questionnaires 
and interview surveys also showed individual 
consumption estimates as high as 200 meals of 
fish per year (6). The primary fishing locations 
for the catch of these fish were Burbank, 
Hover-Finley, and Island View. The average 
percentage of the maximum annual consump- 
tion by species was 73 percent crappie, 16 per- 
cent bass, and 11 percent perch. Based on data 
collected during 1970, the average concentra- 
tion of phosphorus—32 in such a mixture of pan- 
fish was about 5 pCi/g, and that of zinc—65 
was 2 pCi/g. Gamma scans of samples showed 
no other radionuclides present on the average 
above the analytical level. 


From this species distribution and radio- 
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chemical analyses of the specimens collected, 
the “maximum individual’s” estimated intakes 
during 1970 were 0.20 wCi of phosphorus—32 
and 0.08 Ci of zinc-65 (1) or less than one- 
half the corresponding intakes during 1969. The 
calculated dose to the bone of the “maximum 
individual” for 1970 from this source was 38 
mrem or about 2.5 percent of the standard of 
1500 mrem per year. 


The average consumption of Columbia River 
fish by Richland residents was estimated from 
diet questionnaires completed by Hanford 
plant employees (3). Assuming the same mix- 
ture of species as for the maximum individ- 
ual, the average Richland resident’s intake 
during 1970 was estimated to be 0.002 uCi 
phosphorus-—32 and 0.001 ,»Ci zinc—65. These 
intakes correspond to a bone dose of about 0.5 
mrem or about 0.1 percent of the standard of 
500 mrem per year for the population average. 


Radioactivity in shellfish 


Zinc-65 and phosphorus—32 are the only 
radionuclides from Hanford reactor effluents 
that have been found in sufficient abundance 
in seafoods collected beyond the mouth of the 
Columbia River to be of significance to human 
radiation exposure. Oysters have been found to 
contain higher concentrations of zinc-65 than 
other common seafoods (3). Oyster samples 
were obtained during 1970 from commercial 
sources at Willapa Bay, Wash. This area is a 
major regional commercial source of oysters 
and, because of prevailing ocean currents, a 
likely location for maximum concentrations of 
Hanford nuclides in shellfish. 

Monthly average concentrations of phos- 
vhorus—32 and zinc—65 were periodically meas- 
ured in oysters grown commercially in the 
Willapa Bay area. A normal seasonal minimum 
for phosphorus-32 occurs in the late summer. 
The zinc-65 data for 1970 show a decrease 
through the year approximating the radioactive 
half-life. The annual average concentrations for 
1970 were 0.13 pCi/g of zinc-65 and 0.06 
pCi/g of phosphorus-—32. 

Fresh shellfish are not an important item in 
the average tri-cities diet, but residents of some 
coastal areas may consume more than the refer- 


Radiation Data and Reports 





ence value of 50 g/day (7). For such individ- 
uals, shellfish are assumed to be their only 
source of radionuclides of Hanford origin. Con- 
sumption of oysters containing the 1970 aver- 
age concentrations of phosphorus—32 and zinc— 
65 at the rate of 50 g/day would result in 
annual doses of about 2.5 mrem to the GI tract, 
1.6 mrem to the whole body, and 2.9 mrem to 
the bone of a standard man (8). This calculated 
whole body dose is about 0.3 percent of the ap- 
propriate dose standard of 500 mrem per year. 


Radionuclides in game birds 


Waterfowl and other gamebirds utilizing the 
river downstream from the reactors or open 
low-level waste disposal sites within the plant 
boundaries may ingest phosphorus—32, zinc-65, 
and other radionuclides with their intake of in- 
sects, algae, vegetation, and water containing 
these radionuclides. Although the spring and 
fall migrations bring a temporary influx of 
great numbers (up to 200000 birds), some 
waterfowl remain in this general area through- 
out the year. The river also provides cover, 
food, and water for a local population of pheas- 
ant, quail, and other upland gamebirds. The 
concentrations of radionuclides in the flesh of 
gamebirds at the time of consumption are de- 
pendent upon the bird species, the geographical 
locations from which the birds are taken, their 
residence time in the vicinity, their current 
feeding habits, and the elapsed time between 
killing and consumption of the birds. 

Table 6 shows radionuclide concentrations in 
the muscle (the edible portion) of gamebirds 
collected along the river within the Hanford 


project for the environmental monitoring pro- 
gram during hunting seasons in 1970. The max- 
imum concentration in such birds during 1970 
was 170 pCi *P/g, for comparison, the maxi- 
mum observed in 1969 was 510 pCi *P/g for 
birds collected in the same area. 

Data from a dietary survey of Hanford em- 
Ployees (3), from a special survey of local 
hunters (6), and from the radionuclide concen- 
tration data for the various species have been 
combined to estimate the species mix and the 
radionuclide content of an average local game- 
bird meal. About 30 percent of the gamebird 
meals consumed by local hunters were reported 
to be birds shot within about 5 km (3 miles) of 
the Columbia River between Ringold and Mc- 
Nary Dam. Past analyses have shown that 
pheasants collected beyond this distance contain 
little, if any, radioactivity of Hanford origin. 
About 44 percent of all birds eaten were re- 
ported to have been placed in frozen storage, 
which would permit appreciable decay of any 
phosphorus-—32 before consumption. 

The maximum total gamebird consumption 
by adults reported to date is 100 meals per year, 
or an estimated 32 kg/yr. Consumption of this 
weight of the “average gamebird meal” (table 
7) would result in intakes of 0.022 «Ci of phos- 
phorus—32 and 0.014 ywCi of zinc—65, implying 
a dose of 4.2 mrem to the skeleton, or less than 
0.4 percent of the standard for individual mem- 
bers of the population. Consumption of 1.24 
kg/yr, the estimated annual intake for the 
“average” Richland resident, would result in a 
total dose of about 0.2 mrem to the skeleton, 
less than 0.1 percent of the appropriate stand- 
ard of 500 mrem/yr. 


Table 6. Radionuclide concentrations in game birds, 1970 
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® Collected on the Columbia River within the Hanford boun: 


dary. 
> Collected within 5 km (3 miles) of the Columbia River and within the Hanford boundary. 


¢ Less than the analytical detection limit. 
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Table 7. Contribution* of each species to 100 grams 
of an average game bird meal, 1970 
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Phosphorus-32| Zinc—65 























_ ® Weighted for location of kill by using measured concentrations for 
river birds and assuming no phosphorus—32 or zinc—65 in other birds. Also 
weighted for frozen storage by assuming complete decay of pope 


but no significant decay of zinc-65 during frozen storage of 44 percent of 
the birds. 


The dose calculations shown above do not in- 
clude four ducks collected at the K and N reac- 
tor area trenches between the last week in De- 
cember 1969 and the first week in March 1970. 
Muscle tissue from these four birds, of 15 col- 
lected at these locations during this period, 
showed concentrations from 0.03 to 0.14 
pCi *P/g, compared to a maximum in birds col- 
lected along the river of 0.00017 ,»Ci *P/g. 
Analysis of gizzard contents indicated some 
feeding on filamentous algae present in the 
water in the trenches. Steps were taken to pre- 
vent further access by waterfowl, including 
partial backfilling and screening the remaining 
open areas of the trenches. 

Immediate consumption of 230 g (one-half 
pound—a normal meal) of flesh with the high- 
est concentration, with consequent ingestion of 
about 30 «Ci of phosphorus—32, would have re- 
sulted in a calculated skeletal-bone dose to an 
adult of about 6 rem, four times the applicable 
annual dose standard. The associated whole 
body dose, including a contribution from zinc— 
65, would have been about 250 mrem, or about 
15 percent of the applicable annual dose stand- 
ard. 

Even were such a bird to be shot by a hunter, 
delays between the time a bird left a trench and 
the time of shooting, and as a result of the fre- 
quent practice of freezing gamebirds for later 
consumption would have permitted significant 
radioactive decay. This would further reduce 
the probability of consuming flesh containing 
the higher concentrations of phosphorus-32. 
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For the bird with the maximum concentration 
that has been considered here, any delays in 
consumption of more than 4 weeks would have 
reduced the skeletal bone dose to less than 1 500 
mrem (the annual standard). 

The consumption of such a bird by any mem- 
ber of the public, however, is considered highly 
improbable in view of the facts that: (a) very 
few birds (out of some 200 000 in the area at 
that time) would have been likely to spend suffi- 
cient time on the trenches near the reactor 
areas to accumulate such large amounts of 
radioactive materials, and (b) concentrations 
of this magnitude have never been found in 
hundreds of birds sampled along the river for 
over 20 years. In our judgment, ducks collected 
on swamps, trenches, or ponds are not repre- 
sentative of those available to the general popu- 
lation, and dose estimates derived therefrom 
are not pertinent for inclusion in comparisons 
with the established dose standards. 


Radioactivity in milk and produce 


Irrigation with river water containing radio- 
nuclides can contribute radioactivity to local 
milk and locally-grown farm produce, as can 
deposition of airborne materials from weapons 
test fallout and from Hanford sources. Chemi- 
cal separations facilities would generally be the 
principal local source of airborne radionuclides 
other than fallout, although unusual radioactiv- 
ity releases could occur from ventilation stacks 
of reactor or laboratory facilities. 

The farming area closest to the separations 
facilities is at Ringold about 21 km (13 miles) 
away. Much of the land east and south of the 
project boundary is under cultivation and may 
be in the path of airborne releases. Most irri- 
gated farms near the Hanford plant obtain 
water from the Yakima River or from the Co- 
lumbia River above the plant. However, two 
small irrigated areas using Columbia River 
water taken downstream from the reactors are 
the Ringold farms and the Riverview district 
west of Pasco. These are 40 and 65 km (25 and 
40 miles), respectively, downstream from the 
operating reactors. 

The milk surveillance program maintained 
during 1970 included samples from local farms 
and dairies and from commercial supplies avail- 
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able to people in the tri-cities. Milk from local 
farms irrigated with water drawn from the 
river downstream from the reactors contained 
phosphorus—32 and zinc—65 as well as fission 
products from fallout and possibly Hanford 
sources. Commercial milk distributed in the tri- 
cities normally does not contain detectable 
phosphorus-32 and zinc—65, because only a 
small fraction of the milk is produced on farms 
irrigated with water drawn from the Columbia 
River below the Hanford reactors. 

Table 8 gives concentrations for an expanded 
list of radionuclides in milk and table 9 gives 
produce for 1970. During 1970, the annual 
average concentrations of phosphorus—32 and 
zinc-65 for the Riverview farm were 210 and 
120 pCi/liter compared to 1969 averages of 160 
and 110 pCi/liter, respectively, for the same 
farm. Seasonal fluctuations in concentrations of 
both phosphorus-32 and zinc—65, caused pri- 
marily by irrigation and feeding practices, fol- 
lowed expected trends. Adult residents consum- 
ing milk (1 liter/day) obtained from the River- 
view area could have received an annual dose 
from phosphorus—32 and zinc—65 of about 15 
mrem to the bone (1 percent of the applicable 
dose standard). 

Iodine-131 concentrations in both farm milk 
and commercial milk during 1970, were con- 
sistently less than the analytical limit of 2 
pCi/liter. The maximum iodine—131 concentra- 
tion of 21 pCi/liter for the period was measured 
in a sample of commercial milk collected in De- 
cember and was attributed to atmospheric 
weapons testing. 

The concentrations of other fallout nuclides, 
strontium-90 and cesium—137, in the local en- 
virons are usually below the national average 
because of the low rainfall. Concentrations of 
strontium—90 in locally produced farm and com- 
mercial milk (table 8) were similar in 1970 
to those in commercial milk produced in other 
areas remote from the Hanford plant. 


Fresh produce, meat, and eggs from local 
sources were sampled periodically for radio- 
analysis during the 1970 growing season and 
compared with samples from commercial 
sources. Results of these measurements were 
lower than those of previous years as expected, 
and indicated that only small quantities of 
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Radionuclide concentrations in local milk, 1970 
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Table 9. Radionuclide concentrations in local foods, 1970 





Radionuclide concentration * 
(pCi 


/e) 





Phosphorus-32 


Zinc-65 Strontium-89 Strontium-90 








Min- 
imum 





Commercial meat 
Commercial poultry 
Farm poultry 
Commercial eggs 
Farm eggs 


Farm leafy vegetables 

Farm other vegetables 

Commercial leafy vegetables --- 

Commercial fruit and vegetable 
composite 


























Analytical limit 




















Cerium-praseo- 





Iodine-131 Cesium-137 


dymium-144 





Average | Maximum 


Average Maximum 





Maximum] Average 





Farm leafy vegetables 

Farm other vegetables 

Commercial leafy vegetables--- 

Commercial fruit and vegetable 
com posite 


























Analytical limit 

















*® Where no minimum value is shown, all minimum values were less than the analytical limit. 


ND, less than the analytical limit. 


radionuclides from Hanford were present in 
locally-grown produce. However, a resident of 
a local farm, consuming eggs and one-half 
pound of beef per day raised on pasture irri- 
gated with water taken from the river down- 
stream from the reactors, could have received a 
bone dose up to 30 mrem for the year, 2 percent 
of the applicable standard. 


Radioactivity in the atmosphere 


Gaseous effluents from the Hanford chemical 
separations facilities are released to the atmos- 
phere through tall stacks after passage through 
high-efficiency filters. Laboratory stacks, reac- 
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tor-building stacks, and stacks from waste stor- 
age facilities may also release small amounts of 
particulate radioactive materials. The reactors 
release some noble gases, mostly argon-41, to 
the atmosphere under normal operating condi- 
tions. 

During 1970, measurements of airborne 
iodine-131, gross beta, and total alpha were 
routinely made at 23 locations offsite and 
around the Hanford reservation boundary; 
locations are shown in figure 6. Airborne data 
concentrations followed the annual cycle ob- 
served in previous years and showed about the 
same maximum and minimum values as for 
1969. 
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Figure 6. Offsite air sampling locations 


Tables 10 and 11 present a more detailed re- 
view of the 1970 airborne radioactivity data. 
Analyses for strontium—90 and total plutonium 
alpha were made quarterly on composited filters 
from several locations. The results are given in 
table 11, with average total alpha and gross 
beta concentrations for comparison. Locations 
within each group are given in table 16. The 
data show that plutonium alpha accounted for 
less than 1 percent of the total alpha activity 
and strontium—90 for about 2 percent of the 
gross beta activity. The radioactivity measured 
is believed to be essentially all of natural origin 
or from regional fallout. 

Insufficient isotopic data were available to de- 
termine appropriate AEC standards for gross 
alpha and beta. However, the average airborne 
total alpha and gross beta concentrations at the 
Hanford boundary locations were the same as 
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the average at more distant sampling locations, 
indicating that Hanford operations did not 


contribute measurably to offsite airborne radio- 
activity. 


External radiation 


Land measurements 


Prior to June 1970, ionization chambers (100 
ml nominal volume) were used at a limited 
number of locations for basic gamma radiation 
measurements. Pocket ionization chambers 
(gamma pencils) were also used at all air sam- 
pler locations in order to distinguish major 
changes in gamma radiation levels. Table 12 
shows measurements of an onsite and offsite 
location over a 5-year period. The upward trend 
is believed to be due to increased deposition 
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Table 10. Radioactivity in air, 1970 





Iodine-131 
Total alpha Total beta (pCi/m*) 
(pCi/m*) (pCi/m') 





January-June 1970 July-December 1970 





Maxi- 
mum 








Southeast quadrant: 


Berg Ranch _- 
Wahluke Watermaster 
Wahluke Slope #2 


Richland 

Pasco_- 

Kennewick -__-_--.--- i 
Benton City 


Southeast quadrant average - - _ - 


Perimeter communities: 


Pinna ccnciwuvedaes 
MeNary Dam-..-----.--.--.----- 





Perimeter average 






































Analytical limit ae 
AEC standard ---_-_._..-- pea? 

















*® Six months of data only. 
D, less than the analytical limit. 
NA, no analysis. 


Table 11. Radioactivity in air, quarterly average, 1970 





Concentration 
(pCi/m') 





Location and date 
Average Stronti- | Percent | Average} Plutonium | Percent 
um-90 of AEC | total . alpha of AEC 
standard; alpha standard 





Southeast quadrant: 


Annual or 6-month average- 


Perimeter communities: 


Annual or 6-month average__ 
AEC standard 
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Table 12. Average external radiation exposure rates 
1966-1970 





Exposure rate 
(mR/day) 





1967 . 1968 1969 





Hanford test location. - 0.35 0.36 0.37 
Richland .26 .28 .30 




















from weapons test fallout, as essentially all of 
the population exposure at Richland is from 
natural background and worldwide fallout from 
nuclear testing. 

The chambers, however, have a limited re- 
sponse range (2 mR), and are prone to errone- 
ous readings from mechanical shock, moisture, 
and dust. The best estimates of environmental 
gamma radiation dose based on chamber read- 
ings are, therefore, apt to be high. In June 1970, 
thermoluminescent dosimeters (TLD-200)' in 
an experimental shielded package, were in- 
stalled at all air sampling locations to measure 
the gamma radiation exposure at 1 meter above 
ground level. Table 13 shows the average expo- 
sure rates for the same location groups used in 
table 10, the perimeter communities being the 
most distant locations. The difference of 0.01 
mR/day between the two location groups is not 
statistically significant. The indicated annual 
exposure of about 60 mR/year implied by the 
data in table 13 is believed to be low, but the 
data are considered valid for comparative pur- 
poses. 


Table 13. Average external radiation exposure rates 
TLD, July-December 1970 





Exposure rate 
(mR/day) 





Maximum Minimum 





Perimeter communities 0.32 0.10 
Southeast quadrant -24 -11 














Columbia River shoreline 


Estimates of the external radiation dose re- 
ceived from recreational use of the Columbia 


7Harshaw Chemical Company, CaF: (Dy). 
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River shoreline in the vicinity of the Hanford 
project have been based on routine measure- 
ments along the shoreline at Vernita (upstream 
from the reactor), at Richland, and at Sacajawea 
Park (where the Snake River enters the Colum- 
bia). The exposure rate measured at the shore- 
line may include components from radioactivity 
accumulated in sediment deposits and algae 
growth at the river’s edge as well as from any 
radioactive material in the water. The average 
exposure rates at the three shoreline locations 
were measured with a 40-liter ionization cham- 
ber, 1 meter back from the water’s edge and 
centered 1 meter above the ground; this ap- 
proximates the dose rate to the gonads of a 
person standing on the riverbank. Average 
shoreline exposure rates (table 14) at these two 
locations were 0.43 mR/day at Richland. and 
0.53 mR/day at Sacajawea Park, or 160 and 
190 mR/yr, respectively. The average exposure 
rate at Vernita, upstream of the Hanford plant, 
was 0.38 mR/day, indicating a small dose in- 
crement from Hanford. The maximum recrea- 
tional user of the river is estimated from local 
fishermen interviews to spend not more than 
500 hours per year along the river shoreline (6). 


Table 14. Gamma exposure rates at the Columbia 


River shoreline, 1970 





Exposure rate 


(mR/day) 























Immersion dose 


The immersion dose received by tri-city 
swimmers is based on April through October 
exposure rates at Richland. Thermoluminescent 
dosimeters, positioned about 1 meter below the 
surface of the Columbia River, were substituted 
for pocket ionization chambers beginning in 
June 1970. Measured immersion exposure rates 
were due to gamma emitters in the river from 
all sources, including Hanford reactors. In the 
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vicinity of Richland, the average measured 
immersion exposure rate for 1970 was 0.42 
mR/day. For comparison, the immersion expo- 
sure rate measured upstream at Vernita was 
0.16 mR/day. 

Teenagers are the major recreational users 
of the Columbia River locally. A survey of 430 
Richland teenagers in 1968 indicated an aver- 
age exposure time of about 115 hours in or 
along the river for members of this group. 
About one-third of the time was probably im- 
mersion and about two-thirds was shoreline ex- 
posure (10). Using the annual average shore- 
line exposure rate and the April through Octo- 
ber average immersion exposure rate at Rich- 
land, the average exposure to the teenage popu- 
lation was estimated to be about 2.1 mR during 
1970. 

The average whole body dose received by the 
Richland population from recreational use of 
the Columbia River can be estimated by assum- 
ing that other age groups use the river less than 
teenagers, but with the same proportion of im- 
mersion and shoreline exposure times. For the 
average exposure of the Richland population, 
an annual Columbia River (recreation) time of 
32 hours was assumed (10). Based on 11 hours 
of immersion and 21 hours of shoreline expo- 
sure in the vicinity of Richland, the whole body 
dose received by the “average” Richland resi- 
dent during 1970 was estimated to be less than 
0.6 mrem. 


Surface measurements 


Roads and land surfaces in the vicinity of 
Hanford were periodically surveyed for possi- 
ble radionuclide deposition resulting from Han- 
ford operations. Eleven small areas, called con- 
trol plots, are located around the Hanford 
boundaries. These plots, measuring 8 m x 3m 
(10 feet « 10 feet), were surveyed monthly or 
semimonthly with a GM survey meter for de- 
posited radioactive material. No surface radio- 
activity of Hanford origin was detected on the 
control plots during 1970. 

Public Highway 240, which traverses the 
Hanford reservation, was surveyed monthly 
with a bioplastic scintillation detector attached 
to the bumper of a truck positioned about 0.6 m 
(2 feet) above the edge of the road surface. 
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This road monitor has been described in docu- 
ment BNWL-62 (11). During 1970, no radio- 
activity was detected by these surveys. 

Aerial surveys can be used to detect contami- 
nation which is spread over a large area. Like 
road and control plot surveys, aerial surveys 
are only quantitative in nature, but through 
routine use of this technique, a capability for 
rapid assessment of an emergency situation is 
maintained. Aerial surveys at Hanford are con- 
ducted at an altitude of 150 m (500 feet) using 
a 38-inch by 5-inch thallium-activated sodium 
iodide scintillation crystal detector. Aerial sur- 
vey flight patterns used during 1970 were: 


1. near the Hanford project perimeter, 


2. 15 to 40 miles beyond the project perime- 
ter, and 


8. following the Columbia River from the 
Vernita Bridge (upstream of the Hanford 
reactors) downstream to McNary Dam. 

During 1970, no significant changes were seen 
in previously observed patterns. 


Fallout from nuclear weapons tests 


Measurements of fallout radiation, like meas- 
urements of natural background radiation, are 
all of interest for comparison with the radia- 
tion doses resulting from Hanford operations. 
Dose increments received by residents of the 
Hanford environs from the fallout nuclides tri- 
tium, strontium—90, and cesium-—137 have been 
estimated routinely although they are not in- 
cluded in the assessment of dose attributable to 
Hanford operations. The concentrations of fall- 
out nuclides in the local environs are below the 
national average because of the low rainfall. 

Several positive analyses for iodine-131 con- 
centrations in milk samples during 1970 were 
attributed to fallout from weapons testing. 
Estimates of fallout tritium intakes from drink- 
ing water were based on upstream concentra- 
tions measured in river water (table 3). Con- 
centrations of strontium—90 and cesium-—137 in 
locally produced farm and commercial milk 
(tables 8 and 9) were similar to those in com- 
mercial milk produced in areas remote from the 
Hanford plant (12), and worldwide fallout was 
assumed to be the sole source of strontium-—90 
and cesium-—187 in milk. 
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Assuming that 40 percent of an individual’s 
total strontium—90 intake is obtained from milk 
(13), the intake of strontium-90 for 1970 was 
estimated to be 5.1 nCi for the “maximum” 
individual and 1.2 nCi for the “average” Rich- 
land resident. The total intake of cesium-—137 
during 1970 was about 22 nCi for the “maxi- 
mum” individual and 5.2 nCi for the “average” 
Richland resident. 

Table 15 shows a summary of the estimated 
annual dose commitments from fallout nuclides 
present in the Hanford environs in 1970. The 
estimated strontium-90 annual intake for the 
“maximum” individual and for the “‘average” 
adult Richland resident, evaluated in terms of 
the Federal Radiation Council guides (16), both 
correspond to 2 percent of the upper end of 
Range II (200 pCi/day for the average intake 
by a suitable sample of the exposed population 


SOURCE 
FOOD, ETC. 



































and 600 pCi/day for individuals). 


Table 15. Radiation dose commitments* from 
ingestion of individual fallout nuclides, 1970 





Dose 
(mrem) 
Organ 





Tritium | Stron- 
tium-90 





Maximum individual: 


<1 
*<l 
<1 

















* Not included in dose summaries presented elsewhere. 

b> The radiation dose commitments shown for bone and whole tas 4 
represent the dose received over a period of 50 years based on ICR 
methods (8, 14). Only a few percent of the total dose commitment from 
strontium—90 intake is received during the first year for each of these organs. 

¢ For the whole body dose commitment from ingestion of cesium-137 by 
an adult, the FRC dose conversion factor of 0.06 rem/yCi was used (15). 

A, no analysis. 
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Figure 7. Estimated doses to the “‘maximum” individual, 1970 
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Composite estimates of radiation dose 


The “maximum” individual 


Exposure accumulated from the environmen- 
tal surveillance program and associated re- 
search studies has indicated that those individ- 
uals receiving the greatest percentage of 
permissible radiation dose standards from Han- 
ford sources consumed some combination of the 
following: fish caught locally in the Columbia 
River, gamebirds shot near the river, foodstuffs 
produced on local farms irrigated with Colum- 
bia River water drawn from below the reactors, 
and municipal water with the Columbia River 
as its source. A hypothetical “maximum” indi- 
vidual has been assigned assumed dietary habits 
which are identical to those used in the 1966 
through 1969 annual reports (1-—3,17). The con- 
sumption rates of most foods for this hypotheti- 
cal “maximum” individual were compiled from 
intake rates described in published dietary sur- 
veys and have been documented separately in 
detail (18,19). 

The composite doses estimated for this “max- 
imum” individual for 1970 are shown graphi- 
cally in figure 7 and summarized in table 16. 
Major decreases from the 1969 values were 
noted for all estimated organ doses. 

1970 dose estimates for bone, whole body, and 
GI tract of the “maximum” individual con- 
tinued to be predominantly from external ex- 
posure while fishing plus the consumption of 
Columbia River fish. The relative contributions 
from other pathways were greater than in the 
past, as radioactivity in the river declined with 
successive reactor shutdowns. The “maximum” 
individual thyroid dose declined even more 
sharply in 1970 due to the reduction in radio- 
iodines released to the river in reactor effluents. 
The composite annual doses for 1967 through 
1970 are shown in table 17. 


The “average” Richland resident 


Estimates of average consumption rates of 
several food items were obtained for Richland 
adults from analysis of dietary questionnaires 
completed by plant employees. The program and 
the data have been discussed in previous reports 
(3,19). Not only are quantities consumed smaller 


222 


Table 16. Summary of annual radiation doses* in 
the Hanford environs, 1970 





Percent 


Dose 
standard ° 
standard 


(mrem) 


Organ 





Maximum individual: 














® Doses from fallout and natural background not included. 


Table 17. Comparable dose estimates for maximum 
individual! and average Richland resident, 1967—1970* 





Percent of standard Dose 
_____| standard 


1967 | 1968 | 1969 | 1970 


Organ 











Maximum individual: 




















* Not including contributions from fallout or natural background 
radiation. 


than for the hypothetical “maximum” individ- 
ual, sources of food, milk, and water based on 
the survey data indicate much greater depend- 
ence on commercial sources. 

In computing doses for the “average” Rich- 
land resident, the assumed sources were Rich- 
land drinking water (with average concentra- 
tions adjusted for radioactive decay and 
dilution), Columbia River fish (with the aver- 
age species composition of fish ingested by the 
“maximum” individual, but a much smaller 
quantity), an average species mix of gamebirds, 
and average amounts of milk, meat, and pro- 
duce from local stores. 

Because no significant contribution from 
Hanford operations to the ambient radiation 
levels in Richland has been discerned in the 
past, the external dose to the “average” Rich- 
land resident was assumed to result only from 
recreational use of the Columbia River. An 
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Figure 8. Estimated doses to the “‘average” Richland resident, 1970 


estimated annual dose increment of 2 mrem 
from immersion in the river and activities 
along the shoreline was included in the GI tract, 
whole body, and bone doses. No such increment 
was included in the thyroid dose, calculated for 
an infant, because of the limited use of the 
river by this age group. 

The composite doses estimated for the “aver- 
age” Richland resident for 1970 are displayed 
in figure 8 and summarized in table 15. All 1970 
doses estimated for the “average” Richland 
resident, like those for the “maximum” individ- 
ual, decreased significantly with reduced radio- 
activity in the river and associated pathways. 

For the “average” Richland resident, con- 
sumption of drinking water was by far the 
most important source of radiation dose. Be- 
cause of the broad spectrum of radionuclides in 
the drinking water, however, no one radionu- 
clide predominated as a dose contributor to all 
organs. 

The trend of exposure to the “average” Rich- 
land resident over the 1967-1970 period also is 
shown in table 17. 
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Conclusions 


The 1970 Hanford environmental surveil- 
lance program indicated continued compliance 
of the Hanford contractors and their operations 
with applicable environmental standards. Most 
of the environmental radiation dose for people 
living in the Hanford environs was due to nat- 
ural sources and regional fallout rather than to 
Hanford operations. Although much reduced 
from previous years, the largest source of radio- 
activity released to man’s immediate environ- 
ment from Hanford continued to be reactor 
cooling water discharged to the Columbia 
River. 

The basic standards for evaluating the ade- 
quacy of radiological control at Hanford are 
taken to be radiation doses to specified popula- 
tion groups, as given in AEC Manual, Chapter 
0524 (20). 

The surveillance program included sampling 
and analysis on a routine basis of river water, 
municipal drinking water, groundwater, air, 
milk, foodstuffs, fish, shellfish, and gamebirds. 
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Measurements were made of external gamma 
exposure rates at land stations, in the river, 
over the river surface, and along the river 
shoreline. Contamination surveys were made at 
selected plots and along public highways adja- 
cent to the Hanford site. 

Shutdown in February 1970, of KW reactor, 
one of the two remaining single-pass, river 
water-cooled production reactors, as well as an 
extended shutdown of all reactors, greatly re- 
duced the major remaining source of popula- 
tion exposure from Hanford operations. In 
1970, average river concentrations of radionu- 
clides were less than 3 percent of the AEC 
standards, and transport rates of radionuclides 
in the river were much reduced from 1969. The 
radionuclide showing the highest average per- 
centage of its AEC standard in treated water 
at the Richland water plant was sodium—24 at 
2.1 percent. Reductions from 1969 values were 
seen in radionuclide concentrations in Columbia 
River fish, shoreline radiation levels, and direct 
radiation measurements of the river. 

Groundwater contamination originating in 
the chemical separations areas showed no ap- 
preciable advance toward the Columbia River. 
Tritium in groundwater around N reactor 
area may have contributed to an apparent small 
increase measured in river tritium concentra- 
tion between Vernita and Richland, but the 
average downstream concentration from all 
sources, including weapons test and natural 
formation, was less than .05 percent of the AEC 
standard. 

Airborne radioactivity measurements con- 
tinued to show the occasional presence of fall- 
out from weapons testing. Particulate radioac- 
tivity concentrations around the site perimeter, 
however, were essentially the same as at more 
distant locations, indicating a lack of contribu- 
tion from Hanford sources. Land-based gamma 
radiation measurements showed the same pat- 
tern, with a small increase from 1969 to 1970. 
Radioiodines were not detected in air or milk 
samples except during a fallout occurrence. 

Unusually high concentrations of phos- 
phorus-32 were found in 4 of 15 ducks collected 
at 2 trenches receiving undiluted reactor cool- 
ing water. Immediate consumption of a normal 
meal of the duck with the highest phosphorus— 
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82 concentration in muscle, 0.14 uCi/g, could 
theoretically have resulted in a radiation dose 
to skeletal bone of about 6 rem, four times the 
applicable standard. However, based on hun- 
dreds of ducks collected during years of routine 
sampling along the river and nearer public 
hunting areas, radionuclide concentrations in 
ducks resident for extended periods on open 
water around the plant facilities are not repre- 
sentative of those birds likely to be taken and 
consumed by the public. Corrective action was 
taken to prevent any further access by water- 
fowl to the trenches. 

As in past years, annual radiation doses re- 
sulting from Hanford operations were calcu- 
lated for the bone, whole body, GI tract, and 
thyroid for both a hypothetical “maximum” in- 
dividual and the “average” Richland resident. 
During 1970, calculated doses of Hanford origin 
were all much less than one-tenth of the appli- 
cable dose standards, reflecting a general and 
significant decrease from comparable 1969 
values. 

The hypothetical “maximum” individual post- 
ulated to receive the largest plausible dose from 
Hanford sources is assumed to have the follow- 
ing sources of exposure: 


200 meals of fish caught downstream from 
the reactors, 

500 hours on the river shoreline catching the 
fish, 

milk, meat, and produce in season from farms 
irrigated with river water, and 

drinking water from a municipal water sup- 
ply taken from tie river. 


For 1970, the annual skeletal bone dose for this 
“maximum” individual was calculated as 94 
mrem, or 6 percent of the applicable standard 
of 1500 mrem. Doses to both the GI tract and 
the whole body were estimated to be about 2 
percent of the respective standards. 

For thyroid dose estimates, an infant with a 
2-gram thyroid, consuming milk and some vege- 
tables from river-irrigated farms, was consid- 
ered the “maximum” individual. Dietary habits 
postulated for such an infant could have re- 
sulted in an annual dose to the thyroid of about 
2 percent of the standard of 1 500 mrem. 
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The “average” Richland resident also is de- 
fined as an adult for estimation of bone, whole 
body, and GI tract doses, and as an infant for 
estimation of thyroid dose. The dietary and rec- 
reational habits of the “average” Richland 
resident have been determined from local sur- 
veys. The small radiation doses received by this 
population group in 1970 from Hanford opera- 
tions continued to originate in most part from 
radionuclides discharged to the Columbia River 
in reactor cooling water and taken into the 
Richland municipal supply. For dose estimation, 
radionuclide concentrations measured at the 
Richland water treatment plant were adjusted 
for dilution and radioactive decay in the water 
distribution system. For 1970, the calculated 
GI tract and bone doses were 2 percent of the 
standard of 500 mrem per year for this popula- 
tion group. The whole body dose was estimated 
to be about 1 percent of the standard of 170 
mrem per year. The thyroid dose to the average 
Richland infant was calculated to be about 2 
percent of the standard of 500 mrem per year. 
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Reported Nuclear Detonations, March 1974 


(Includes seismic signals presumably from foreign nuclear detonations) 


There were no reported nuclear detonations for the United States for March 1974 and no re- 
corded seismic signals for this month. 





Not all of the nuclear detonations in the United States are announced 
immediately, therefore, the information in this section may not be com- 
plete. A complete list of announced U.S. nuclear detonations may be ob- 
tained upon request from the Division of Public Information, U.S. Atomic 
Energy Commission, Washington, D.C. 20545. 
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Synopses of reports, incorporating a list of key words, are furnished 
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wish to clip them for their files. 


MICROWAVE HAZARD MEASUREMENTS NEAR VARIOUS AIR- 
CRAFT RADARS. Richard A. Tell and John C. Nelson. Radiation Data 
and Reports, Vol. 15, April 1974, pp. 161-179. 


In order to determine the potential for exposure of individuals when 
in the vicinity of aircraft radar units when aircraft are on the ground, 
the Electromagnetic Radiation Analysis Branch monitored four radar 
units that were typical of radars used by commercial aircraft. Two of 
the units were surveyed at a radar simulation laboratory and the other 
units were surveyed while in their operating positions in aircraft. 

The survey determined that the radar beams from navigational and 
weather radar units in commercial aircraft rotate in either a sector- 
scanned or 360 degree rotation at approximately 15 r/min. The radar 
beams emanated from the aircraft above 6 feet from the ground. It was 
determined that power density exposures of 10 mW/cm can occur from 
8 to 18 feet from the antenna of an aircraft radar unit. 

No radiation levels in excess of 0.2 mW/cm* existed in the aircraft 
cockpits. 
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ington, D.C. 20460. 


Preparation of manuscripts 
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title. Affiliation of each author should be given by a 
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at the time of writing, present affiliation if different, 
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results were obtained. 
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reduction to printed page size (8% by 6% inches). 
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should be typed double-spaced on a separate sheet of 
paper. Legends should brief and understandable 
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and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 


ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief list 
of symbols and units commonly used in Radiation Data 
and Reports is given on the inside front cover of every 
issue and examples of most other matters of preferred 
usage may be found by examining recent issues. Isotope 
mass numbers are placed at the upper left of elements 
in long series of formulas, e.g., *“Cs; however, elements 
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